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I N T R O D U C T I O N  

V 

UCLA has a d m i n i s t e r e d  a NASA g r a n t  i n  suppor t  o f  space- 

r e l a t e d  research  i n  t h e  p h y s i c a l  and b i o l o g i c a l  sc iences  and 

e n g i n e e r i n g  f o r  app rox ima te l y  f o u r  years.  Th is  r e p o r t  covers  

t h e  a c t i v i t i e s  suppor ted  from NASA Research Grant NsG 2 3 7 - 6 2  
f o r  t h e  p a s t  s i x  months. 

A s e c t i o n  o f  t h e  r e p o r t  i s  devoted t o  a summary o f  t h e  

f i n a n c i a l  d e t a i l s  o f  t h e  g r a n t .  I t  i s  a g a i n  emphasized t h a t  

t h i s  s e c t i o n  i s  n o t  an o f f i c i a l  a c c o u n t i n g  r e p o r t ,  wh ich  must, 

of course, be made by t h e  Account ing  O f f i c e .  However, t h e  

summary h e r e i n  g i ven  i s  a v e r y  good a p p r o x i m a t i o n  o f  t h e  

t o t a l  expend i tu res ,  f u t u r e  commitments, and c u r r e n t  ba lance.  
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PHYSICAL SCIENCES 

FUNDAMENTAL PROBLEMS I N  ASTRONOMY 
L. H. A l l e r  Account No. 448610 

C a l c u l a t i o n  o f  Recombination C o e f f i c i e n t s  and Balmer L i n e  
I n t e n s i t i e s  i n  a H i q h l y  I o n i z e d  and At tenuated Hydroqen Plasma 
L. H. A l l e r  
W. H. Clarke 

M r .  Clarke has taken advantage o f  t h e  s o p h i s t i c a t e d  
modern computational techniques t o  develop t h e o r e t i c a l  methods 
f o r  computing t h e  bn,4 f a c t o r s ,  d e s c r i b i n g  t h e  depar tu re  f rom 
Boltzmann d i s t r i b u t i o n  f o r  a plasma a t  an e l e c t r o n  tempera- 

t u r e  T,. 
be mod i f i ed  by  a s t r a i g h t f o r w a r d  procedure t o  handle carbon 
and o t h e r  elements. 

The methods a r e  s u f f i c i e n t l y  general t h a t  they  can 

The essen t ia l  problem l i e s  i n  t h e  c a l c u l a t i o n  o f  t r a n s i -  
t i o n  p r o b a b i l i t i e s  for  l a r g e  numbers o f  r a d i a t i v e  d i p o l e  
t r a n s !  t i o n s  between bound s t a t e s  c h a r a c t e r i z e d  by quantum 
numbers, (n,R) and ( n ’ ,  a + l )  o r  ( n ’ ,  4 - 1 1  and between bound 
s t a t e s  and f r e e  s t a t e s  i n  t h e  continuum, where t h e  d i s t r i b u -  
t i o n  o f  v e l o c i t i e s  f o l l o w s  a Maxwel l ian d i s t r i b u t i o n  law. 

The p r o j e c t  i s  now r a p i d l y  nea r ing  complet lon.  Owing t o  I 
the  wide range o f  quantum s t a t e s  t r e a t e d ,  new techniques o f  
computation have had t o  be dev i  sed and c a r e f u l  1 y examined f o r  
numerical  s t a b i l i t y ,  b u t  i t  now appears t h a t  a l l  t h e  requ i red  
procedures a r e  i n  work ing o rde r  and t h a t  t h e  f i n a l  c a l c u l a t i o n s  
f o r  hydrogen can be c a r r i e d  o u t .  

Fo l l ow lng  t h i s ,  t h e  c a l c u l a t i o n s  f o r  carbon w i l l  be made. 

24 ”  TELESCOPE FOR PLANETARY AND STELLAR OBSERVATIONS 
L. H. A l l e r  Account No. 448621 

The 24- inch te lescope purchased from t h e  C a l i f o r n i a  I n -  
s t i t u t e  o f  Technology was assembled e s s e n t i a l l y  i n  two stages. 
The mounting which inc luded t h e  p o l a r  a x i s  assembly, f o r k  
u n i t ,  cen ter  gimbal, and d e c l i n a t i o n  w o r m  gear was i n s t a l l e d  
a t  O j a i ,  Cal i f o r n i a ,  i n  a permanent observa tory  on A p r i l  21, 
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. -. 1965. The remainder o f  t h e  i ns t rumen t  was assembled on May 29, 
1965. A 6 - i n c h  gu ide  te lescope  was mounted on t h e  main i n -  

s t rument  a l o n g  w i t h  a p r o j e c t i o n  r e t i c l e  system t o  a i d  i n  

s t a r  t r a c k i n g .  Independent f o c u s i n g  mounts were b u i  1 t and 1 

adapted t o  t h e  te lescope  so t h a t  f ocus ing  c o u l d  be accomp- 

1 ished w i t h o u t  d i s t u r b i n g  t h e  secondary m i r r o r .  A t  p resen t ,  7 

i t  i s  be ing  used f o r  v i s u a l  and pho tog raph ic  work f o r  wh ich  

s p e c i a l  p l a t e h o l d e r s  were c o n s t r u c t e d .  F u t u r e  a d d i t i o n s  i n -  

c l u d e  a p h o t o e l e c t r i c  photometer wh ich  w i  1 1  be completed t h i s  

f a l l .  I n  a d d i t i o n ,  s p e c t r o g r a p h i c  equipment has been ordered,  

and i n v e s t i g a t i o n s  a r e  be ing  made i n t o  t h e  p o s s i b i l i t y  o f  

o b t a i n i n g  a scanning spec t rophotometer .  Pr imary  work w i l  1 
i n v o l v e  p h o t o e l e c t r i c  and s p e c t r o g r a p h i c  r a t h e r  than photo-  

g r a p h i c  s t u d i e s .  

The te lescope  i s  s i t u a t e d  a t  an a l t i t u d e  o f  about 1500 

f e e t  o v e r l o o k i n g  a v a l l e y ;  see ing  c o n d i t i o n s  a r e  good most 

o f  t h e  year. The te lescope  i s  i n  o p e r a t i o n  now and w i l l  be 

i n  f u l l  o p e r a t i o n  when t h e  p h o t o e l e c t r i c  photometer i s  

completed and i n s t a l  l e d  a t  t h e  s i t e .  Spec t rog raph ic  work 

i s  expected t o  commence e a r l  y n e x t  year .  

O R G A N I C  CHEMISTRY 
R. Berger Account No. 448604 

The i n v e s t i g a t i o n s  i n t o  t h e  compos i t i on  and mode o f  

f o r m a t i o n  of  t h u c h o l i t e s  was con t inued .  A d d i t i o n a l  carbon 

i s o t o p e  r a t i o  measurements were c a r r i e d  o u t .  Values of 
l i g h t e r  than -40 per  m i l  w i t h  r e f e r e n c e  t o  t h e  Peedee 

be lemn i te  s tandard  were ob ta ined .  Comparison w i t h  c o a l -  
d e r i v e d  gases which a r e  g e n e r a l l y  i n  t h e  -20  t o  -30 pe r  m i l  

c l a s s  excludes t h e  p o s s i b i  1 i t y  t h a t  thucho l  i t e  was formed 

f rom c o a l .  Another  c l a s s  o f  carbonaceous m a t e r i a l s  found 

i n  n a t u r e  has C 1 3 / C 1 2  i s o t o p e  r a t i o s  o f  l i g h t e r  than -60 pe r  
m i l .  These substances a r e  regarded t o  be due t o  b a c t e r i a l  

-%-I I nerefoi-e, t h z  =-.--.--+:-- of t h i c h c !  1 t ~ ,  c a n n ~ t _  h e  a c t i o n .  I U I I ~ I ~ L I U I I  

a s c r i b e d  t o  a b i o g e n i c  o r i g i n  on t h e  b a s i s  o f  i t s  C 13/612 

i s o t o p e  r a t i o  and i t s  o r i g i n  i n  pegmat i te .  

A d d i t i o n a l  ana lyses  a r e  be ing  c a r r i e d  o u t ,  e s p e c i a l l y  
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t o  c o r r e l a t e  North American t h u c h o l i t e s  w i t h  those found i n  

t h e  W i  twa te rs rand  i n  South A f r i c a .  

D u r i n g  t h e  summer, the I s o t o p e  L a b o r a t o r y  p a r t i c i p a t e d  

i n  t h e  Summer Study Program i n  Geochemistry f o r  Undergraduates.  

M iss  Nora Lesser, U n i v e r s i t y  o f  Chicago, worked on t h e  syn- 

t h e s i s  o f  p o l y p e p t i d e s ,  and M r .  Rober t  Sherman, W h i t t i e r  

Co l lege,  C a l i f o r n i a ,  worked on t h e  t u r n o v e r  r a t e  o f  o r g a n i c  
s o i l  c o n s t i t u e n t s .  

SOLID S T A T E  P H Y S I C S  

C r y s t a l  Growinq Labora to ry  

H. E. Bommel Account No. 448604 

Progress d u r i n g  t h e  r e p o r t  p e r i o d  was extended i n  t h e  

1 .  H igh  Pressure  Apparatus 

f o l l o w i n g  a reas  of  t h e  c r y s t a l  g rowing  e f f o r t .  

The h i g h  pressure  phase o f  t h a l l i u m  was o b t a i n e d  

and recovered a t  a tmospher ic  p ressu re .  Examinat ion  

o f  t h e  p r o p e r t i e s  o f  t h e  specimen i n c l u d e d  t h e  

measurement o f  t h e  superconduct ing  t r a n s i t i o n  

tempera ture  and c r i t i c a l  magnet ic  f i e l d .  Present  

work i s  d i r e c t e d  toward t h e  problem o f  g rowing  

s i n g ! e  c r y s t a l s  a t  h i g h  p r e s s u r e s  w i t h  i nd ium 

a n t i m o n i d e  as  c u r r e n t  w o r k i n g  substance.  

2 .  Bridqeman Furnace 
A Bridgeman fu rnace  was des igned,  c o n s t r u c t e d  and 

s u c c e s s f u l l y  employed t o  grow s i n g l e  c r y s t a l s  o f  

m e t a l s  among which a r e  t h e  f o l l o w i n g :  l ead  w i t h  

europium as  i m p u r i t y  f o r  t h e  s t u d y  o f  gap less  

superconductors ;  magnesium w i t h  v a r i o u s  r a r e  

e a r t h s  as i m p u r i t i e s  f o r  t h e  s t u d y  o f  l o c a l i z e d  

moments; and ind ium c r y s t a l s  f o r  a c o u s t i c  n u c l e a r  

magnet ic  resonance s t u d i e s .  

3. I n d u c t  i o n  Furnace 
An i n d u c t i o n  fu rnace  i s  on o r d e r  and w i l l  be employed 

t o  grow h i g h  p u r i t y  s i n g l e  c r y s t a l s  o f  t h e  r e f r a c t o r y  



meta ls  as n iob ium and tan ta lum.  

W i t h  the  a d d i t i o n  o f  t h e  t h i r d  i t e m  t h e  l a b o r a t o r y  w i l l  
c o n t a i n  many of t h e  b a s i c  f a c i l i t i e s  f o r  a b e g i n n i n g  c r y s t a l  

growing e f f o r t .  A lso,  many of  t h e  necessary a u x i l i a r y  

f a c i l i t i e s  a r e  i n  o p e r a t i o n  o r  a r e  a c c e s s i b l e ,  such as  an 

x - r a y  apparatus,  a spark e r o s i o n  c u t t e r  and a l a p p  and p o l i s h -  

i n g  f a c i l i t y .  

ROCKET PROJECT 

P. J. Coleman, J r .  
U .  Fehr 
6. Ben-Ary 

Account No. 448626 

Th is  p r o j e c t  i s  concerned w i t h  exper imen ta l  s t u d i e s  o f  

t h e  p ropaga t ion  o f  d i s t u r b a n c e s  i n  t h e  i o n i z e d  reg ions  o f  

t h e  magnetosphere. 

t o  deve lop  r e l a t i v e l y  s e n s i t i v e  magnetometers and a c o u s t i c  

d e t e c t o r s  t h a t  can be opera ted  a t  t h e  e a r t h ' s  su r face ,  i n  t h e  

atmosphere a t  v a r i o u s  a1 t i  tudes,  and i n  t h e  ionbsphere a t  

a l t i t u d e s  t h a t  can be reached by sounding r o c k e t s .  

To f a c i  1 i t a t e  these  s t u d i e s ,  we hope 

Dur ing  t h e  r e p o r t i n g  p e r i o d ,  t h e  exper imen ta l  program 
a t  P o i n t  Mugu was con t inued .  Th is  program i n c l u d e d  a 

s e r i e s  o f  t e s t s  i n  each o f  which an a r r a y  o f  p r e s s u r e  sensors 

(Moore Var iometers )  was employed t o  reco rd  t h e  p ressu re  

d i s tu rbances  c r e a t e d  by  r o c k e t  v e h i c l e s  between t h e  t i m e  o f  

launch and t h e  t i m e  t h e  v e h i c l e  reached an a l t i t u d e  o f  r o u g h l y  

180 km. The ana log  reco rds  o b t a i n e d  d u r i n g  these  t e s t s  have 
been d i g i t a l i z e d  by hand, and t h e  r e s u l t i n g  da ta  a r e  b e i n g  

ana lyzed  w i t h  a d i g i t a l  computer. 

W i t h  t h e  h e l p  o f  M r .  L. C. McGahan a t  t h e  P a c i f i c  
M i s s i l e  Range, a system i s  p r e s e n t l y  b e i n g  developed t h a t  w i l l  
c a r r y  analog s i g n a l s  f rom t h e  sensors,  v i a  te lephone l i n e s ,  

t o  a van i n  which t h e y  w i l l  be recorded on magnet ic  tape.  The 

ana log  s i g n a l s  on these magnet ic  tapes w i l l  then be a u t o -  

m a t i c a i i y  d i g i t a i i z e d  by t h e  Coriiputing Fael1lt-y a t  k I n t  

Mugu and recorded on another  magnet ic  tape  i n  a format  
compa t ib le  w i t h  t h e  d i g i t a l  computer here  on campus. 
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I n  t h e  l a b o r a t o r y  the new c a l i b r a t i o n  chamber was employed 

t o  c a l i b r a t e  f o u r  m o d i f i e d  Moore Var iometers .  The c a l i -  

b r a t i o n s  i n d i c a t e  t h a t  the t h r e s h o l d  f o r  d e t e c t i o n  o f  p ressu re  

v a r i a t i o n s  w i t h  these ins t ruments  i s  be low .01 m i c r o b a r .  I n  

a d d i t i o n ,  t h e  s e n s i t i v i t y ,  s t a b i l i t y ,  and l i n e a r i t y  o f  t h e  

i ns t rumen ts  were found t o  be more than s a t i s f a c t o r y ,  Con- 

s t r u c t i o n  o f  t h e  second c a l i b r a t i o n  chamber, which i s  t o  

be used i n  t e s t i n g  a c o u s t i c  d e t e c t o r s  a t  s i m u l a t e d  b a l l o o n  

a l t i t u d e s  and above, i s  w e l l  underway. 

The l a b o r a t o r y  i s  s t a f f e d  a t  p r e s e n t  by a h a l f - t i m e  

graduate  s t u d e n t  and a f u l l - t i m e  t e c h n i c i a n .  E f f o r t s  t o  f i n d  

a m a t e r i a l  s c i e n t i s t  t o  head t h e  l a b o r a t o r y  a r e  i n  p rog ress  

b u t  have been unsuccess fu l  up t o  now due t o  t h e  d e a r t h  o f  

q u a l i f i e d  men i n  t h i s  f i e l d .  

M A G N E T I C  FIELDS LABORATORY 
P. J. Coleman, J r .  Account No. 448623 

S ince  comp le t i on  i n  January, t h e  m a g n e t i c a l l y  s h i e l d e d  

room has been i n  c o n s t a n t  use t e s t i n g  i ns t rumen ts  f o r  

O G O - E  s a t e l l i t e  and t h e  ATS s a t e l l i t e .  I n  a d d i t i o n ,  i t  has 

been used t o  t e s t  ins t ruments  f o r  NASA, Ames Research Center ,  

and f o r  o t h e r  i n v e s t i g a t o r s  i n  t h e  I n s t i t u t e .  

ATMOSPHERIC T R I T I U M  
E .  J. Flamm 
R.  E. L i n g e n f e l t e r  
A .  N i r  

Account No. 448618 

The s u b j e c t  o f  n a t u r a l  t r i t i u m  i s  reviewed f rom t h e  

i n c e p t i o n  o f  t h e  search f o r  t h i s  i s o t o p e  i n  1932 u n t i l  t h e  

p r e s e n t .  Three sources o f  n a t u r a l  t r i  t i u m - - p r o d u c t i o n  i n  t h e  

atmosphere b y  g a l a c t i c  cosmic rays,  p r o d u c t i o n  by  s o l a r  

f l a r e - a c c e l e r a t e d  p a r t i c l e s ,  and a c c r e t i o n  f rom t h e  sun- -  

a r e  cons idered.  Reasonable agreement p r e v a i  1 s  among p r e -  

v i o u s  c a l c u l a t i o n s  o f  t h e  cosmic r a y  p r o d u c t i o n  r a t e ,  t h e  

mean v a l u e  b e i g g  0.30 t r i t o n s  per  cm -sec .  A r e c a l c u l a t i o n  

u t i l i z i n g  newer da ta  i s  now i n  p r o g r e s s  t o  de te rm ine  t h e  

v a r i a t i o n  o f  p r o d u c t i o n  r a t e  w i t h  a l t i t u d e ,  l a t i t u d e ,  and 
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s o l a r  a c t i v i t y .  P r o d u c t i o n  o f  t r i t i u m  b y  i n t e r a c t i o n  o f  s o l a r  

f l a r e - a c c e l e r a t e d  p a r t i c l e s  w i t h  t h e  atmosphere i s  a l s o  

b e i n g  eva lua ted  u t i  1 i z i n g  da ta  on t h e  f l a r e - a c c e l e r a t e d  

f l u x  o v e r  the l a s t  s o l a r  c y c l e .  C a l c u l a t i o n s  o f  t r i t i u m  

p r o d u c t i o n  from m a t e r i a l  ba lance  c o n s i d e r a t i o n s  have y i e l d e d  

r a t e s  ranging f rom 0 .12  t o  2 t r i t o n s  per  cm -sec .  

measured t r i t i u m  c o n c e n t r a t i o n s  o f  r a i n  and ocean wa te r  on 

wh ich  these c a l c u l a t i o n s  a r e  based have been c o r r e c t e d  f o r  

s y n t h e t i c  t r i t i u m ,  t h e  p r o d u c t i o n  r a t e  f rom m a t e r i a l  ba lance  

i s  i n  agreement w i t h  t h e  p r o d u c t i o n  r a t e  by g a l a c t i c  cosmic 

rays . 

2 When t h e  

LUNAR NEUTRON DOSE RATES 
E. J. Flamm 
R. E. L i n g e n f e l t e r  

Account No. 448620 

C a l c u l a t i o n s  o f  t h e  n a t u r a l  r a d i a t i o n  dose r a t e  due t o  

cosmic - ray  produced neu t rons  a t  and near  t h e  l u n a r  s u r f a c e  
a r e  b e i n g  made i n  c o l l a b o r a t i o n  w i t h  W. N. Hess o f  Goddard 

Space F1 i g h t  Center, Greenbel t ,  Maryland, and R .  Wal l a c e  

of  Lawrence R a d i a t i o n  Labora to ry ,  Be rke ley .  A range o f  

p o s s i b l e  l u n a r  s u r f a c e  compos i t i ons  i s  b e i n g  cons ide red .  

8 

PROM1 NENC E E M I S S I O N  LINE P O L A R I Z A T I O N  
C .  L. Hyder Account No. 448627 

D r .  Hyder was among t h e  obse rve rs  o f  t h e  May 30 e c l i p s e  
o f  t h e  sun who f o l l o w e d  t h e  e c l i p s e  ac ross  t h e  South P a c i f i c .  

H i s  s p e c i a l  assignment was t o  a n a l y z e  t h e  l i n e a r  p o l 4 r i z a -  
t i o n  o f  l i g h t  i n  t h e  green l i n e  f rom t h e  corona, u s i n g  t h e  

p o l a r i m e t e r  he designed wh ich  can d e t e c t  one - twen ty - thousand th  

of  an i n c h  w ide  i n  t h e  c o r o n a ' s  spectrum. D r .  H y d e r ' s  r e p o r t  
f o l  lows:  

The coronal  e c l  i p s e  p o l a r i m e t e r  was s u c c e s s f u l l y  ope ra ted  
d u r i n g  t h e  30 May 1965 e c l i p s e .  The da ta  have n o t  been r e -  

co rona l  green l i n e .  The l i g h t  f rom t h e  e a s t  l i m b  was more 
p o l a r i z e d  than t h e  l i g h t  from t h e  west l imb .  Th is  d i s c r e p -  
ancy w i l l  l ead  t o  i n f o r m a t i o n  about  corona l  magnet ic  f i e l d s  

uuceu, J . - - - J  tjut t h e r e  c l e a r  evIdenr,e f e r  p o l a r i z a t i n n  i n  t h e  
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a n d / o r  corona l  c o l l  i s i o n  processes. 

The s p i c u l e ,  prominence, corona l  a r c h  

work was suspended d u r i n g  e c i  i p s e  p r e p a r a t  

T h e o r e t i c a l  i n v e s t i g a t i o n s  o f  t h e  Val 

s t a t e  cosmolog ica l  models were begun. The 

s t reamer mode 1 
ons. 

d i t y  o f  s teady  

methods o f  s t a t i s -  
t i c a i  e q u i l i b r i u m  have been a p p l i e d  t o  d i f f e r e n t  c o n s t i t u e n t s  

o f  t h e  u n i v e r s e  t o  t e s t  these models. I f  i t  i s  found t h a t  

t h e  d e n s i t i e s  o f  c o n s t i t u e n t s  a r e  c o n s t a n t  i n  space and 

t ime,  then t h e  s teady  s t a t e  cosmologies w i l l  be found i n v a l i d .  

S p e c i f i c  s t u d i e s  o f  degenerate s t a r s  and s t e l l a r  l u m i n o s i t y  

f u n c t i o n s  a r e  b e i n g  pursued. 

The p o l a r i z a t i o n  w o r k  t h a t  was begun i n  1963 i s  con- 
t i n u i n g .  The f i l t e r s  purchased f rom NsG 2 3 7 - 6 2  funds  w i l l  

be used t o  s tudy  t h e  p o l a r i z a t i o n  i n  t h e  Or ion  Nebula and 

i n  t h e  Crab Nebula. I t  may be p o s s i b l e  t o  l e a r n  much about  

p h y s i c a l  c o n d i t i o n s  i n  these nebu lae  f r o m  t h i s  o b s e r v a t i o n a l  

s t u d y .  

HIGH POWER PLASMA GENERATOR 
C .  A .  Jensen 
W .  F ,  L i b b y  
L. L. Wood 

Account No. 448624 

The UCLA or ;e-hal f  riiegawatt i n d u c t i v e i y  coup led  piasma 

g e n e r a t o r  p r o j e c t  has completed a1 1 t h e  p r e l  i m i n a r y  t e s t  

phases a t  l e s s  than r a t e d  power and i s  now undergo ing  f i n a l  

assembly i n  h i g h  power f o r m .  

The i n d u c t i v e  coup1 ing  p r i n c i p l e  has been e x t e n s i v e l y  

t e s t e d  t o  de te rm ine  t h e  c h a r a c t e r i s t i c s  o f  plasma systems 

w i t h  t h e  v a r i o u s  e l e c t r o d e  geometr ies and o s c i l l a t o r  c i r c u i t  

parameters.  A genera l  purpose, v e r y  e f f i c i e n t  d e s i g n  has 

e v o l v e d  wh ich  i s  b e i n g  i n c o r p o r a t e d  i n  t h e  ha l f -megawat t  

g e n e r a t o r .  The un ique  f e a t u r e s  o f  t h e  des ign ,  n o t a b l y  

a b n o r m a l l y  h i g h  Q c i r c u i t r y ,  screen g r i d  power c o n t r o l ,  and 

modern r e c t i f i e r  design, have been shown t o  be d e s i r a b l e  and 

i m p o r t a n t .  The use o f  h i g h  Q c i r c u i t r y  o f f e r s  much t i g h t . e r  

c o u p l i n g  t o  t h e  plasma, g r e a t e r  e f f i c i e n c i e s ,  and much h i g h e r  
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plasma d e n s i t i e s  due t o  c l o s u r e  of c u r r e n t  pa ths  w i t h i n  t h e  

plasma. The screen g r i d  power c o n t r o l  and t h e  n o n s a t u r a t i n g  

t r a n s f o r m e r  des ign,  wh ich  i t  p e r m i t t e d ,  as  w e l l  as t h e  v e r y  

h i g h  power r e c t i f i e r s ,  w i l l  a l l o w  c o n t i n u o u s  o p e r a t i o n  i n  t h e  

10-megawatt r e g i o n  f o r  seve ra l  seconds and w i  1 1  t h e r e f o r e  

g r e a t l y  enhance t h e  v a l u e  o f  t h e  i n s t r u m e n t  as a fundamental 

research  t o o l .  

Recent b reak throughs i n  t h e  des ign  o f  t h e  c o u p l i n g  c o i l  

and gas i n j e c t i o n  system have c o m p l e t e l y  e l i m i n a t e d  t h e  s e t  

o f  v e r y  s e r i o u s  problems of  h i g h  v o l t a g e  breakdown u s u a l l y  

a s s o c i a t e d  w i t h  power t r a n s f e r  a t  such l e v e l s ,  v o l t a g e s ,  

and plasma and photon d e n s i t i e s .  

The vacuum c a v i t y  and thermal  i n s u l a t o r  f o r  t h e  h i g h  

power m o d i f i c a t i o n  a r e  p r e s e n t l y  b e i n g  i n s t a l l e d  as w e l l  as 

t h e  a s s o c i a t e d  power equipment and e l e c t r o n i c  c o n t r o l  

c i r c u i t r y .  I t  i s  a n t i c i p a t e d  t h a t  i n s t a l l a t i o n  and t e s t i n g  
o f  t h i s  equipment w i l l  be complete w i t h i n  t h e  month. 

The work on  t h e  superconduct ing  s o l e n o i d s  f o r  t h e  

genera to r  i s  p roceed ing  as p lanned.  These magnets w i  1 1  p e r m i t  

t h e  g e n e r a t i o n  o f  plasmas o f  v e r y  h i g h  d e n s i t i e s  and 

temperatures w i t h  t h i s  dev i ce .  

A f t e r  t e s t i n g ,  t h e  f i r s t  a p p l i c a t i o n  o f  t h e  i n s t r u -  

ment w i l l  be i n  t h e  area  o f  c r y s t a l  growing.  Because t h e  

plasma genera to r  i s  equipped w i t h  t h e  necessary power i n  

terms o f  tempera ture  and photon f l u x e s  o f  a p p r o p r i a t e  

wavelengths and because t h e  plasma c a v i t y  i s  c o n t a i n e d  i n  a 

h i g h  vacuum system, t h e  f i r s t  c r y s t a l  wh ich  w i  1 1  be used i s  

t h e  diamond fo rm of  carbon.  The equipment i s  s u i t a b l e  f o r  

c l e a n i n g  the  diamond s u r f a c e  by any d e s i  r e d  method, keep ing  

t h i s  s u r f a c e  c l e a n  and d e p o s i t i n g  f r e s h  carbon i n  t h e  d i a -  
mond l a t t i c e  f o r m .  I t  i s  a n t i c i p a t e d  t h a t  t h e  l i m i t  t o  t h e  

s i z e  o f  the  diamond c r y s t a l  wh ich  can be grown w i l l  be 

de termined o n l y  by  t h e  s i z e  o f  t h e  genera to r  and t h e  ap- 

be o f  t h e  o r d e r  o f  t e n  c e n t i m e t e r s .  

i j r -opi ia te  c a v i t y  d imef is icns .  I:: t h i s  de\ / jcp~,  t h i s  s i z e  w i l l  
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The o t h e r  p r i m a r y  a p p l i c a t i o n  o f  t h e  i ns t rumen t ,  t h a t  

o f  d e t e r m i n i n g  o s c i  1 l a t o r  s t r e n g t h s  f o r  a s t r o p h y s i c a l  l y  

impor tan t  a tomic  and i o n i c  s t a t e s ,  w i  1 1  proceed as r a p i d l y  as 

p o s s i b l e ;  t h i s  work has been p r o g r e s s i n g  v e r y  s a t i s f a c t o r i l y  

w i t h  s m a l l e r  plasma genera t i on  u n i t s ,  b u t  t h i s  more power fu l  

u n i t  w i l l  p e r m i t  work i n  p r e v i o u s l y  m a r g i n a l l y  a c c e s s i b l e  

regimes, such as t h e  f a r  u l t r a v i o l e t .  

LASER - 
C .  A .  Jensen 
W .  F.  L i b b y  

Account No. 448624 

0 

The 5 8 4 A  h e l i u m  l i g h t  source d i scussed  i n  p r e v i o u s  r e p o r t s  

i s  b e i n g  adapted t o  f u n c t i o n  as  a con t inuous  gas l a s e r .  Be- 

cause t h e  o p e r a t i o n  o f  t h i s  d e v i c e  depends on t h e  g e n e r a t i o n  

o f  m e t a s t a b l e  he l i um atoms a t  h i g h  d e n s i t i e s  and because t h e  

n a t u r a l  e l e c t r i c  c u r r e n t  l i m i t  o f  t h i s  d e v i c e  i s  seve ra l  

o r d e r s  o f  magni tude h i g h e r  than those  a s s o c i a t e d  w i t h  t y p i c a l  

gas l a s e r s ,  i t  i s  a n t i c i p a t e d  t h a t  t h e  per formance o f  any 

such p r i n c i p l e s  w i l l  be f a r  s u p e r i o r  t o  any such dev i ce  i n  

e x i s t e n c e  up t o  t h e  p resen t  t i m e  i n  b o t h  power o u t p u t  and 

e f f i c i e n c y .  

The h i g h  power 1 i g h t  o u t p u t  v a r i a t i o n  w i t h  e l e c t r i c  

cu r r .en t  makes o p e r a t i o n  a t  h i g h  c u r r e n t s  e s p e c i a l  l y  a t t r a c t i v e .  

F o r  t h i s  reason, magnet ic  f i e l d s  w i l l  be used t o  channel t h e  

c u r r e n t  f l o w  and e f f e c t i v e l y  enhance t h e  c u r r e n t  d e n s i t y .  A 
f u r t h e r  a p p l i c a t i o n  o f  magnet ic  f i e l d s  w i l l  be i n  pu l sed  

o p e r a t i o n  t o  f o r m  v e r y  dense plasmas. 

I t  appears p o s s i b l e  t h a t  t h i s  i ns t rumen t  w i l l  p e r m i t  
c o n t i n u o u s  o p e r a t i o n  a t  c o n s i d e r a b l y  s h o r t e r  wavelengths than  

has been h i t h e r t o  p o s s i b l e ,  due t o  t h e  v a r i a t i o n  o f  t r a n s i t i o n  

p robab i  1 i t y  w i t h  f requency  and t h e  n a t u r a l  wave1 eng th  1 i m i  t a -  

t i o n  t h i s  has imposed a t  p resent  power l e v e l s  as  w e l l  as 
t h e  e l i m i n a t i o n  o f  some o p t i c a l  problems wh ich  t h i s  des ign  

appears t o  o f f e r .  

I n  c o n j u n c t i o n  w i t h  l a s e r  research ,  t h e  plasma g e n e r a t o r  

d i scussed  e lsewhere i n  t h i s  r e p o r t  w i l l  be a r ranged i n  an 

1 1  



o p t i c a l  c a v i t y  resona to r .  Because o f  t h e  n a t u r a l  h i g h  power 

l e v e l s  o f  t h i s  ins t rument ,  as  w e l l  a s  seve ra l  o f  i t s  o t h e r  

un ique  fea tu res ,  i t  o f f e r s  e x c i t i n g  p o s s i b i l i t i e s  as  a l a s e r .  

ANALYSES OF CARBON COMPOUNDS I N  CARBONACEOUS C H O N D R I T E S  

W .  F.  L ibby  Account No. 448628 

The group met i n  Washington on A p r i l  19, 1965. Ab- 

s t r a c t s  f o l l o w  o f  t h e  papers p resented  a t  t h e  meet ing .  

"High R e s o l u t i o n  Mass Spectrograms o f  Segments o f  a Core 

th rough  t h e  Murray M e t e o r i t e "  - K. Biemann, John Hayes (MIT) 

A f ragment o f  t h e  Murray m e t e o r i t e  was manual 1 y cored  

a l o n g  i t s  ma jor  a x i s .  The c o r i n g  was done under  c a r e -  

f u l l y  c o n t r o l l e d  c o n d i t i o n s  i n  a d r y  box. Success ive 

samples o f  dus t  f rom t h e  a p p r o x i m a t e l y  1 . 5 - i n c h  c o r i n g  

were p u l v e r i z e d  and p laced  i n  g l a s s  sample v i a l s .  B lanks 

were run  be fo re ,  a f t e r ,  and i n t e r m i t t e n t l y  w i t h  t h e  

Murray samples. The f i n d i n g s  were: 
1 )  Oxygen compounds a r e  r i c h e r  i n  t h e  n e a r - s u r f a c e  

2 )  The hydrocarbon i o n  p a t t e r n s  a r e  rough ly  t h e  same i n  

3 )  Comparisons o f  mass s p e c t r a  o f  t h e  v o l a t i l e s  f r o m  

co re  samples. 

t h e  success ive  samples. 

t h e  Murray c o r e  segments and o f  t h e  methanol e l u a t e s  

f r o m  s i l i c a  ge l  columns o f  t h e  benzene e x t r a c t s  o f  

the  Orguei 1 and Ho lbrook  m e t e o r i t e s  suggest t h a t  t h e  
numbers o f  d i f f e r e n t  n i t r o g e n - c o n t a i n i n g  carbon 

compounds decrease i n  t h e  s e r i e s  f r o m  O r g u e i l  t o  

Murray t o  Holbrook.  

"The Nature o f  t h e  Organ ic  M a t t e r  i n  Carbonaceous Chondr i t es "  

- H. C .  Urey (UC-SD) 

The e x t e n s i v e  da ta  t h a t  have been ga the red  on t h e  carbon 

compounds and "organ ized e lements"  i n  t h e  Orguei 1 
m e t e o r i t e  were reviewed. Seemingly, t h e s e  da ta  i n d i c a t e  

t h a t  some m e t e o r i t e s  c o n t a i n  e i t h e r  b i o l o g i c a l  p r e -  

cu rso rs ,  wh ich  had c h e m i c a l l y  evo lved  t o  a h i g h l y  
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orde red  s t a t e  o r  b i o l o g i c a l  remnants. S i m i l a r i t i e s  

between an a c i d  r e s i s t a n t  ' ' o rgan ized e lement"  and a 

m i c r o f o s s i  1 f rom a n c i e n t  t e r r e s t r i a l  sediments were 

no ted .  The pros  and cons o f  t h e  q u e s t i o n  o f  t h e  b i o -  

l o g i c  o r i g i n  of  m e t e o r i t i c  carbonaceous m a t e r i a l s  were 

d iscussed,  and a hypo thes i s  t h a t  carbonaceous c h o n d r i t e s  

came f rom t h e  moon was presented .  Th is  i s  t o  be t h e  

s u b j e c t  o f  D r .  U rey l s  paper a t  t h e  COSPAR mee t ing  i n  

A rgen t ina .  

"Nature o f  t h e  Hexane E x t r a c t  o f  O r g u e i l "  - €3. Nagy ( U C -  

S D )  
Found t h e  hydrocarbons e x t r a c t a b l e  f rom O r g u e i l  t o  be 

s i m i l a r  t o  those e x t r a c t e d  by  Oro f rom t h e  G u n f l i n t  

sha 1 e. 

IIProblems Assoc ia ted  w i t h  t h e  Analyses o f  Amino Ac ids  i n  

Carbonaceous Chondr i t es "  - P.  B. Hami 1 t o n  (DuPont I n s t i t u t e )  

Modern a n a l y t i c a l  techn iques  a r e  so s e n s i t i v e  t h a t  a 

complex a r r a y  o f  amino a c i d s  may be d e t e c t e d  i n  a f i n g e r -  

p r i n t .  S imple chromatographic  ana lyses  do n o t  p r o v i d e  

r e l i a b l e  i d e n t i f i c a t i o n s  o f  amino a c i d s .  E q u i v a l e n t  

chromatograps may be o b t a i n e d  f o r  t w o  e n t i  r e l y  d i f f e r e n t  

m i x t u r e s  o f  amino a c i d .  M i n e r a l s  can a l t e r  o r  d e s t r o y  

c e r t a i n  amino a c i d s .  An e f f o r t  i s  b e i n g  made t o  a n a l y z e  

t h e  amino a c i d s  t h a t  a r e  o b t a i n e d  by severe h y d r o l i z i n g  

methods a f t e r  t h e  e a s i l y  e x t r a c t a b l e  o r  h y d r o l y z a b l e  

a c i d s  a r e  removed from m e t e o r i t e s ,  b u t  d e t a i  l e d  i n -  

v e s t i g a t i o n  o f  a n a l y t i c a l  methods and r e s u l t s  i s  
r e q u i r e d  b e f o r e  t h e  s i g n i f i c a n c e  o f  any d e t e r m i n a t i o n  

o f  amino a c i d s  i n  m e t e o r i t e s  can be a s c e r t a i n e d .  

'Illanger o f  B i o l o g i c a l  Contaminants" - P. H. Abelson (Casnegie 

I n s t i t u t i o n ,  Geophysical L a b o r a t o r y )  

Mold i s  commonly found on geochemical samples, Such 
b i o l o g i c a l  contaminants  may l e a d  t o  e r r o r s  i n  p a l e o -  

b i o l  og i ca 1 sampl es. 

"Alkanes i n  Anc ien t  Sediments and Chondr i t es "  - W .  G. Mein- 

s c h e i n  (Esso Research and E n g i n e e r i n g )  
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Successive benzene e x t r a c t s  of i n t a c t ,  c rushed and HF 
t r e a t e d  rocks  from t h e  2 . 7  b i l l i o n  year o l d  Soudan 

rocks c o n t a i n  a l kanes  t h a t  p r o b a b l y  i n c l u d e  p r i s t a n c e  

and phytane. Composi t ional  d i f f e r e n c e s  i n  t h e  a l kanes  

from t h e  success i ve  e x t r a c t s  i n d i c a t e  t h a t  t h e  a l kanes  

re leased  by  HF were p r o b a b l y  t h e  ma jo r  source o f  t h e  

a lkanes  o b t a i n e d  from t h e  whole and crushed rocks  and t h a t  

t h e  l a t t e r  a l kanes  were c h r o m a t o g r a p h i c a l l y  f r a c t i o n a t e d  

w i t h i n  t h e  rocks .  A lkanes have been i s o l a t e d  f rom 

s i x  o r d i n a r y  c h o n d r i t e s  by a v a r i e t y  o f  e x t r a c t i o n  

methods. The a1 kanes f rom f i v e  o f  t h e  chondr i  t e s  a r e  

compos i t i ona l  l y  analogous.  The s i x t h  c h o n d r i t e  was 

o b v i o u s l y  contaminated w i t h  p a r a f f i n - w a x .  Analyses o f  

success ive  e x t r a c t s  o f  t h e  Waconda and Holbrook chon- 

d r i t e s  i n d i c a t e  t h a t  t h e  a l kanes  a r e  u n i f o r m l y  d i s -  

t r i b u t e d  i n  t h e  i n t e r i o r s  o f  t hese  m e t e o r i t e s .  The 

chondr i  t i c  a l kanes  c o n t a i n  p r i s t a n e  and phytane and 

resemble a l kanes  i n  some Cambrian and Precambrian 

t e r  r e s t  r i a  1 sediments. 

" Isopreno id-Type Hydrocarbons i n  t h e  Nonesuch Shale and 

Soudan Format ion"  - A .  L .  Bur l ingame and T.  Be lsky  (UC-6) 

P r i s t a n e  and p h y t a i n e  have been i d e n t i f i e d  i n  a l k a n e s  
f rom t h e  one b i  1 1  i o n  year o l d  Nonesuch s h a l e  and t h e  

2 . 7  b i l l i o n  year o l d  Soudan f o r m a t i o n .  I n  a d d i t i o n ,  

t h e  C 1 8  and C 2 1  homologs o f  p r i s t a n e  and phytane were 

found i n  e x t r a c t s  o f  t h e  Soudan rocks .  These a l kanes  
a r e  s t r u c t u r a l l y  r e l a t e d  t o  t h e  p h y t o l  m o i e t y  i n  t h e  

c h l o r o p h y l  1 mo lecu le ,  and t h e y  a r e  p r o b a b l y  o f  

b i o l o g i c a l  o r i g i n .  n - P a r a f f i n s  i n  t h e  C t o  C 3 2  15 
range, a l s o ,  were i d e n t i f i e d  i n  t h e  e x t r a c t s  o f  t hese  
a n c i e n t  rocks .  

"Hydrocarbons i n  Carbonaceous Chondr i t es  and t h e  Gunf 1 i n t  

C h e r t "  - J. Oro ( U n i v e r s i t y  of Houston) 

Anal yses have been o b t a  i ned o f  t h e  a 1 kanes f rom 
v a r i o u s  carbonaceous c h o n d r i t e s ,  d i f f e r e n t  f ragments 

o f  t h e  Orguei 1 m e t e o r i t e ,  and t h e  Gunf l  i n t  c h e r t ,  
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8 . .  The f i n d i n g s  were: 

The compos i t ions  of  a1 kanes f rom Type I, 11, and 

I11 carbonaceous c h o n d r i t e s  va ry .  

D i s t r i b u t i o n a l  v a r i a t i o n s  have been observed i n  

a l kanes  from d i f f e r e n t  f ragments o f  t h e  Orguei 1 
m e t e o r i t e ,  b u t  i t  appears t h a t  i t  i s  p o s s i b l e  t o  

recogn ize  these a l kanes  as be ing  f rom t h i s  c a r -  

bonaceous chondr i  t e .  

Some fragments o f  Orguei 1 c o n t a i n  approximate1 y 8 
t imes t h e  c o n c e n t r a t i o n s  o f  a lkanes  t h a t  a r e  p resen t  

i n  o t h e r  fragments o f  t h i s  m e t e o r i t e .  

A l l  t h e  m e t e o r i t i c  a l kanes  seem to  c o n t a i n  p r i s t a n e  

and phytane. 

Odd carbon-numbered n - p a r a f f  i n s  a r e  more abundant 

than even carbon-numbered n - p a r a f f i n s  i n  some b u t  

n o t  a1 1 fragments o f  t h e  Orguei 1 m e t e o r i t e .  

A lkanes f rom t h e  Orguei 1 m e t e o r i t e  a r e  s i m i  l a r  t o  

those f r o m  t h e  G u n f l i n t  c h e r t .  Th is  c h e r t  i s  

a p p r o x i m a t e l y  2 b i l l i o n  years o l d .  I t  comes f rom 

n o r t h e r n  Michigan, and i t  c o n t a i n s  we1 1-preserved 

m i c r o f o s s i  1s .  

Heated t o  350°C and anal  yzed gas chromatograph ica l  1 y. 

A l though  t r a n s f o r m a t i o n s  o c c u r  d u r i n g  t h e  p y r o l y s i s  

(as  shown by i s o t o p i c  t r a c e r s ) ,  t h e  p a t t e r n  i s  changed 

l i t t l e  by t o t a l  d e m i n e r a l i z a t i o n  ( w i t h  HF) b e f o r e  

p y r o l y s i s  and t h u s  would seem t o  have some s i g n i f i c a n c e .  

Th is  i s  a good way o f  h a n d l i n g  t h e  main i n s o l u b l e  

o r g a n i c  i n  a smal l  sample ( few mgms). Found Murray,  

E l  Rais, and Orgue i l  a l l  t o  g i v e  p a t t e r n s  v e r y  d i f -  

f e r e n t  f r o m  any t e r r e s t r i a l  rock .  (Note t h a t  t h i s  

d i s a g r e e s  w i t h  t h e  hydrocarbons by e x t r a c t i o n . )  

" F a t t y  Ac ids  f rom Chromic A c i d  O x i d a t i o n  o f  Kerogen" - T.  
C .  Hoer ing  

Found abundant y i e l d  o f  C 1 6  t o  C Z 4  f a t t y  a c i d s  (and 
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h i g h e r )  w i t h  s t r o n g  even/odd p r e f e r e n c e  i n  F i g  Tree 

Shale f rom South A f r i c a  wh ich  i s  about  3 . 2  A E  o l d .  

I t  i s  p lanned t o  t r y  t h i s  on Murray and o t h e r  c a r -  

bonaceous chondr i  t e s .  

A t  tend  i ng were: 

P. H. Abelson, Geophysical  Labora to ry ,  Carnegie I n s t .  
T .  Bel sky, UC-Berkeley 
Klaus Biemann, M I T  
I. A .  Breger,  USGS 
A .  L. Bur l  ingame, UC-Berkeley 
K u r t  F red r i cksson ,  Smi t hson ian  I n s t i t u t i o n  
P. B. Hami l ton,  DuPont I n s t i t u t e  
John Hayes, M I T  
T .  C.  Hoer ing,  Geophysical  Lab., Carnegie I n s t i t u t i o n  
I. R. Kaplan, UC-Los Angeles 
W. F .  L ibby ,  UC-Los Angeles 
G reg g Mam i k un i an , NASA-  J PL 
Br ian  Mason, American Museum o f  N a t u r a l  H i s t o r y  
Warren Meinshein,  Esso Research and Eng ineer ing  
Bartholomew Nagy, UC-San Diego 
John Oro, U n i v e r s i t y  of  Houston 
J. P. T .  Pearman, N a t i o n a l  Academy o f  Sciences 
Cyr i  1 Ponnamperuma, NASA-Ames Research Center 
Freeman Quimby, NASA- B i o l  og i ca 1 Space Programs 
R. Richardson, Esso Research and Eng ineer ing  
David Stevenson, Shed 1 Development 
H. C.  Urey, UC-San Diego 
H. B. W i i k ,  F i n l a n d  (A r i zona  S t a t e  C o l l e g e )  

F u t u r e  p lans  and c o n c l u s i o n s :  I 
Another i n fo rma l  meet ing  w i l l  be h e l d  i n  September a t  

t h e  t i m e  o f  t h e  n e x t  AGU meet ing.  

N E U T R O N - A C T I V A T I O N  S T U D I E S  OF M E T E O R I T E S  AND OF NATURAL 
GAMMA- OR P O S I T R O N - E M I T T I N G  NUCLIDES 
J. T .  Wasson Account No. 448651 
J .  K i m b e r l i n  

A paper e n t i t l e d  "Determinat ion  o f  Neutron A c t i v a t i o n  
o f  Ga l l i um and Germanium i n  I r o n  M e t e o r i t e s "  has been accepted 

f o r  p u b l i c a t i o n  i n  Rad io-ch imika  Ac ta .  A n  a b s t r a c t  o f  t h e  
paper fol  l o w s :  

A b s t r a c t  
A procedure i s  g i v e n  f o r  t h e  s imul taneous d e t e r m i n a t i o n  

by neut ron  a c t i v a t i o n  o f  ga l  1 ium and german ium i n  i ron meteo- 
r i t e s  o r  o t h e r  s i m i l a r  m a t e r i a l s .  Germanium i s  separated 
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f rom i n t e r f e r i n g  a c t i v i t i e s  by s o l v e n t  e x t r a c t i o n  f rom 8 
N HCl i n t o  carbon t e t r a c h l o r i d e  f o l  lowed by d i s t i l l a t i o n  as 

GeCl 4. 
t h e  82-min Ge . The chemical y i e l d  i s  de termined c o l o r i m e t -  

r i c a l l y  u s i n g  pheny l f l uo rone .  G a l l i u m  i s  separa ted  by repeated 

s o l v e n t  e x t r a c t i o n s  i n t o  i s o p r o p y l  e t h e r .  A f t e r  coun t ing ,  

t h e  chemical y i e l d  i s  determined by f l ame photometry.  About 

12 man-hours a r e  necessary t o  process s i x  t o  e i g h t  samples, 

n o t  i n c l u d i n g  t h e  t i m e  necessary t o  reduce t h e  c o u n t i n g  

d a t a .  The d e t e c t i o n  l i m i t s  f o r  a thermal n e u t r o n  f l u x  o f  

1 O I 2  cm sec 
gal  1 ium. 

I t  can be separated f a s t  enough t o  a l l o w  c o u n t i n g  o f  
75 

2 - 1  a r e  about 0.02 ppm germanium and 0.0001 ppm 

STELLAR R A D I O A C T I V I T Y  
L. L .  Wood 
W. F .  L i b b y  

Account No. 448624 

A n a l y s i s  and i n t e r p r e t a t i o n  o f  da ta  f rom t h e  f i r s t  

O r b i t i n g  S o l a r  Observatory,  generous ly  p r o v i d e d  by D r .  John 

L i n d s a y ' s  S o l a r  Phys i cs  Group o f  Goddard Space F l i g h t  Center 

and r e p o r t e d  p r e v i o u s l y ,  have proved q u i t e  f r u i t f u l .  Un- 

equ ivoca l  ev idence f o r  t h e  e x i s t e n c e  o f  hyperthermal processes 

i n  t h e  atmosphere o f  t h e  n o m i n a l l y  q u i e t  sun has been d e r i v e d  

f r o m  t h e  ana l  ys i  s o f  data from t h e  gamma r a y  and EUV spec- 

t r o m e t e r s  on O S O - 1 ;  these processes a r e  a lmost  c e r t a i n  t o  

i n v o l v e  n u c l e a r  r e a c t i o n s  and s y n t h e s i s  o f  r a d i o i s o t o p e s  on 

t h e  s o l a r  s u r f a c e  t o  a s i g n i f i c a n t  e x t e n t .  These processes 

p r o b a b l y  occu r  p r i n c i p a l l y  i n  d i s t u r b e d  p o r t i o n s  o f  t h e  

s o l a r  d i s c ,  a l t h o u g h  the  ev idence f o r  t h i s  i s  a t  t h e  moment 

m a i n l y  s t a t i s t i c a l .  

These processes have been i n t e r p r e t e d  i n  terms o f  energy 

sources i n v o l v i n g  t u r b u l e n t l y  d r i v e n  magnet ic  f i e l d s  wh ich  

e x h i b i t  h i g h  f requency  plasma i n s t a b i l i t i e s ;  t h i s  mechanism 

a r i s e s  r a t h e r  n a t u r a l l y  and d i r e c t l y  f rom f i r s t  p r i n c i p l e s ,  

and i t  i s  cons ide red  l i k e l y  t h a t  mechanisms o f  t h i s  genera l  

t y p e  a r e  r e s p o n s i b l e  f o r  a wide v a r i e t y  o f  p r e v i o u s  under-  

i n t e r p  r e t e d  s o l  a r phenomena . 
These h i g h  energy s o l a r  phenomena i n  t u r n  a r e  l i n k e d  t o  
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a l a r g e  s e t  o f  geophys ica l  processes;  t h e  s h o r t - t i m e  deve lop-  

ment and l o n g - t e r m  e v o l u t i m  o f  t h e  t e r r e s t r i a l  atmosphere i n  

p a r t i c u l a r  and p l a n e t a r y  atmospheres i n  genera l  a r e  among t h e  

areas  be ing  cons ide red  i n  t h e  l i g h t  o f  t h i s  new knowledge. 

The mechanisms and processes invoked t o  e x p l a i n  b o t h  
p r e v i o u s l y  e x t a n t  da ta ,  as  we1 1 as  those  from O S O - 1 ,  a r e  o f  

q u i t e  genera l  app l  i c a b i  1 i t y  and can apparent1 y be r e a d i l y  

l i n k e d  t o  a l l  l a t e - t y p e  s t a r s ,  i r r e s p e c t i v e  o f  l u m i n o s i t y  o r  

s p e c t r a l  c l a s s ,  on t h e  b a s i s  o f  p r e v i o u s l y  p u b l i s h e d  da ta .  

I t  seems t h a t  most s t a r s  w i l l  n e c e s s a r i l y  s u s t a i n  processes 

s i m i l a r  t o  those o c c u r r i n g  on t h e  sun and t h a t  some s t a r -  

w ide  h i g h  energy events ,  wh ich  a r e  o c c a s i o n a l  1 y observed, 

a r e  q u i t e  n a t u r a l  ex tens ions  o f  t h e  mechanisms wh ich  a r e  

a p p a r e n t l y  i n v o l v e d  i n  more normal s t a r s .  

The s i g n i f i c a n c e  o f  t h i s  p resen t  work t o  t h e  energy 

d e f i c i t  i n  c u r r e n t  models o f  t h e  s o l a r  wind, as  w e l l  as 

methods f o r  improv ing  o u r  o p e r a t i o n a l  knowledge of s o l a r  

meteoro logy  and t h e  a s s o c i a t e d  hazard f u n c t i o n s  f o r  t h e  

Manned Space F1 i g h t  Program w i  1 1  a1 so be d i scussed  i n  

papers be ing  prepared f o r  pub1 i c a t i o n .  
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BIOLOGICAL S C I E N C E S  

PROGRAM TO ASSESS B A S I C  PHENOMENA UNDERLYING BEHAVIORAL 

ASPECTS OF COMPLEX L I V I N G  SYSTEMS I N  SPACE 

J. D .  French 
W .  R. Adey 

Account No. 448604 

Plans a r e  w e l l  i n  hand f o r  development o f  t h e  f u l l  scope 

o f  these programs when occupancy becomes p o s s i b l e  i n  t h e  

Space Science B u i l d i n g ,  a n t i c i p a t e d  f o r  t h e  l a t e  f a l l  o f  t h i s  

yea r . 
I n  p a r t i c u l a r ,  programs a r e  b e i n g  i n i t i a t e d  i n  f u n -  

damental p h y s i o l o g y  and c y t o l o g y ,  a s  these  appear p a r t i c u l a r l y  

r e l e v a n t  t o  problems known t o  a r i s e ,  o r  l i k e l y  t o  occu r ,  

i n  t h e  space environment. 

I t  i s  planned t o  i n s t a l  1 an e l e c t r o n  mic roscopy  f a c i  1 i t y ,  

wh ich  w i l l  have as i t s  b a s i c  a im an e v a l u a t i o n  o f  changes i n  

f l u i d  d i s t r i b u t i o n  i n  t i s s u e  compartments, p a r t i c u l a r l y  i n  

t h e  b r a i n  under c o n d i t i o n s  o f  a l t e r e d  g r a v i t y .  These 

s t u d i e s  w i l l  be c o r r e l a t e d  w i t h  much work a l r e a d y  done w i t h  

assessment of such f a c t o r s  by t h e  use o f  impedance measur ing 

techn iques  and o t h e r  methods t h a t  have i n d i c a t e d  s u b t l e  b u t  

h i g h l y  s i g n i f i c a n t  changes i n  f l u i d  d i s t r i b u t i o n  between 

these cempartments i n  normal and p a t b i o g i c a l  c o n d i t i o n s .  I t  

i s  i n tended  t h a t  t h i s  program w i l l  i n c l u d e  aspec ts  o f  c y t o -  

c h e m i s t r y  and b i o c h e m i s t r y ,  p a r t i c u l a r l y  i n  t h e  a rea  o f  

s t e r o i d  hormones and the  e f f e c t s  o f  a1 t e r e d  env i  ronmental 

f a c t o r s  i n  t h e i r  re lease  f rom t h e  ad rena l  g lands .  

Ment ion  may be made here o f  work a l r e a d y  suppor ted  i n  

t h i s  way. The programs o f  D r .  Cocket t  a t  t h e  Harbor General 

H o s p i t a l  have been i n v o l v e d  w i t h  rena l  f u n c t i o n s  i n  t h e  

space environment and w i t h  ways t o  s i m u l a t e  t h e  e f f e c t s  o f  

we igh t l essness  on rena l  f u n c t i o n .  D r .  Mandel 1 i s  engaged 

i n  s t u d i e s  t h a t  have t o  do w i t h  t h e  e f f e c t  o f  s t e r o i d  sub- 

s tances  on i n t e r m e d i a t e  metabol ism i n  a number o f  body 

systems. Th is  represents  a p i o n e e r i n g  e f f o r t  beyond t h e  

c u r r e n t  genera t  ion  o f  exper iments i n  s t e r o i d  metabol ism, 
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which have concerned themselves p r i m a r i  l y  w i t h  t h e  c o n t r o l  

o f  re lease o f  t h e  s t e r o i d s ,  r a t h e r  than w i t h  t h e i r  e f f e c t  

i n  t a r g e t  organs.  The s t u d i e s  o f  D r .  Mandel l  a r e  l i k e l y  t o  

shed ex t remely  v a l u a b l e  l i g h t  on l a t e r  phases o f  s t e r o i d  

c o n t r o l  mechanisms. D r .  E .  Decima has con t inued  work 

i n i t i a t e d  by t h e  l a t e  J .  D.  Green r e l a t i n g  t o  t h e  e f f e c t s  

o f  ca l c ium metabol ism i n  s p i n a l  n e r v e  c e l l s .  Th i s  work 

bears d i r e c t l y  on t h e  problems o f  c a l c i u m  metabol ism as i t  

may be m o d i f i e d  i n  t h e  space env i ronment .  A l s o  i n  t h e  area  

o f  c o n t r o l  o f  motor  f u n c t i o n s ,  D r .  J e n n i f e r  Buchwald has 

i n v e s t i g a t e d  t h e  c o n t r o l  o f  t h e  s t r e n g t h  o f  c o n t r a c t i o n  

th rough  t h e  muscle s p i n d l e  appara tus .  Knowledge i n  t h i s  

area i s  v i t a l l y  impor tan t  t o  an unders tand ing  o f  t h e  ways 

i n  which t h e  mammalian motor  mechanism must adapt t o  w e i g h t -  

lessness, p a r t i c u l a r l y  i n  t h e  r e t e n t i o n  and r e c o n d i t i o n i n g  
o f  s k i l l e d  motor  a c t s .  

Chanqes i n  Neuronal U n i t  and Slow Wave A c t i v i t y  D u r i n q  

Behaviora l  Condi t i o n i n q  

J .  S .  Buchwald 

Basic t o  any l e a r n i n g  problems encountered i n  space 

i s  an unders tand ing  o f  b r a i n  f u n c t i o n  d u r i n g  l e a r n i n g  i n  a 

"normal"  env i  ronment. I n  a p r e l  i m i n a r y  r e p o r t ,  i t  was shown 

t h a t  a c t i o n  p o t e n t i a l s  f rom m u l t i p l e - u n i t s  c o u l d  be c l e a r l y  

recorded i n  u n r e s t r a i n e d  an imals  th rough  c h r o n i c a l l y  i m -  

p l a n t e d  macroel e c t  rodes. Du r i ng behav i o ra 1 cond i t i on i ng 

procedures,  t h e  development o f  c o n d i t i o n e d  p a t t e r n s  o f  

m u l t i p l e - u n i t  a c t i v i t y  was found t o  d i f f e r  marked ly  f rom one 
anatomical  s t r u c t u r e  t o  ano the r  and f rom one s tage  i n  t h e  

t r a i n i n g  procedure t o  ano the r .  I n  c o n t r a s t ,  concomi tan t  

reco rd ings  o f  EEG s low waves f rom t h e  same e l e c t r o d e s  o f t e n  

showed l i t t l e  o r  no cor respond ing  change. I n  an a t t e m p t  

t o  determine t h e  v a l u e  o f  t h i s  r e c o r d i n g  techn ique as a 

i n i t i a t e d  t o  examine m u l t i p l e - u n i t  a c t i v i t y  p a t t e r n s  i n  

some o f  t h e  ma jo r  systems o f  t h e  b r a i n  d u r i n g  a b e h a v i o r a l  

c o n d i t i o n i n g  procedure.  The s p e c i f i c  purposes o f  these 

he!pfu!  ad junc t  t Q  p r e s e n t  methods, S t " d l P , S  have beer! 
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r e c o r d i n g s  a r e  d i  rec ted  toward d e t e r m i n i n g  ( 1 )  where 

c o n s i s t e n t  c o n d i t i o n e d  changes i n  neuronal  a c t i v i t y  appear 

p r i o r  t o  t h e  o v e r t  c o n d i t i o n e d  response ( C R ) ,  concu r ren t1  y 

w i t h  t h e  o v e r t  CR, and where 1 i t t l e  o r  no change i n  a c t i v i t y  

occu rs ;  ( 2 )  whether the c o n d i t i o n e d  changes a r e  represented  

by an i n c r e a s e  o r  decrease i n  neuronal  d i scha rge ;  and ( 3 )  
whether a s e q u e n t i a l  development o f  c o n d i t i o n e d  u n i t  responses 

can be t r a c e d  from one system o r  f rom one l e v e l  o f  sensory 

i n t e g r a t i o n  t o  o t h e r  s t r u c t u r e s  subsequent1 y a c t i v a t e d .  

As responses w i t h  t h e  systems most b a s i c  t o  c o n d i t i o n e d  l e a r n -  

i n g  a r e  s t i l l  n o t  c l e a r l y  d e f i n e d  d u r i n g  t h e  development 

o f  a b e h a v i o r a l  c o n d i t i o n e d  response, t h e  p r i m a r y  p r o j e c t i o n  

pathway o f  t h e  CS and t h e  p r i m a r y  p r o j e c t i o n  pathway o f  t h e  

US, as w e l l  as t h e  n o n s p e c i f i c ,  d i f f u s e l y  p r o j e c t i n g  r e t i c -  

u l a r  system, have been t h e  focus  o f  t h i s  i n i t i a l  s tudy.  

Pr ior  t o  c o n d i t i o n i n g  a h i n d l e g  f l e x i o n  response, e l e c t r o d e s  

were imp lan ted  a t  s t a t i o n s  i n  t h e  d i r e c t  CS p r o j e c t i o n  p a t h -  

way, t h e  d i r e c t  US p r o j e c t i o n  pathway and t h e  d i f f u s e  r e -  

t i c u l a r  system i n  each o f  9 c h r o n i c  c a t s .  By t h e  use o f  

a p p r o p r i a t e  f i l t e r s ,  EEG and m u l t i p l e - u n i t  a c t i v i t y  were 

s i m u l t a n e o u s l y  recorded f rom each e l e c t r o d e  d u r i n g  h a b i t u -  

a t i o n  t o  t h e  t o n a l  CS, t r a i n i n g  i n  wh ich  t h e  CS was p a i r e d  

w i t h  shock t o  t h e  hindpaw, e x t i n c t i o n  and subsequent r e -  

t r a i n i n g .  Terminal 1 y a l  1 e i e c t r o d e  p lacements were h i s -  

t o l o g i c a l l y  v e r i f i e d .  I n  t h e  C S  p r o j e c t i o n  pathway record-  

i ngs  from t h e  brachium o f  t h e  i n f e r i o r  c o l  1 i c u l u s ,  medial  
g e n i c u l a t e  body and p o s t - e c t o s y l v i a n  c o r t e x  i n d i c a t e d  t h a t  

u n i t  a c t i v i t y  p a t t e r n s  s h i f t e d  f rom h a b i t u a t i o n  t o  d i s -  

h a b i t u a t i o n  a f t e r  US reinforcement, and w i t h  success ive  

t r i a l s  these  responses p r o g r e s s i v e l y  i nc reased .  S i m i l a r l y ,  

e a r l y  i n  t r a i n i n g ,  responses appeared i n  t h e  r e t i c u l a r  

f o r m a t i o n  a t  b o t h  mesencephalic and t h a l a m i c  l e v e l s .  I n  

t h e  US p r o j e c t i o n  pathway r e c o r d i n g s  f rom t h e  media l  lem- 

n i s c u s ,  nuc leus  v e n t r a l i s  p o s t e r i o l a t e r a l i s  and p o s t -  

c r u c i a t e  c o r t e x  i n d i c a t e d  l i t t l e  o r  no u n i t  response t o  

t h e  CS p r i o r  t o  t h e  appearance o f  t h e  o v e r t  response. Thus, 

p o t e n t i a l s  recorded from a p o p u l a t i o n  o f  neurons may show 
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s p e c i f i c  response p a t t e r n s  d u r i n g  b e h a v i o r a l  c o n d i t i o n i n g  

d i r e c t l y  r e l a t e d  t o  a c t i v i t y  a t  t h e  r e c o r d i n g  s i t e .  The p r e s e n t  

da ta  suggest t h a t  a c t i v a t i o n  o f  t h e  CS and r e t i c u l a r  systems 

a r e  p r imary  events  i n  c o n d i t i o n i n g .  Whi l e  these  marked u n i t  

responses o f  e i t h e r  a c c e l e r a t e d  o r  i n h i b i t e d  d i s c h a r g e  t o  t h e  

CS developed, 1 i t t l e  o r  no concomi tan t  change was ev idenced 

i n  t h e  slow wave EEG recorded f rom t h e  same s i t e s .  Such 

r e s u l t s  i n d i c a t e  t h a t  l o c a l  changes i n  m u l t i p l e - u n i t  a c t i v i t y  

may occu r  q u i t e  i ndependen t l y  o f  t h e  EEG and t h a t  t hese  u n i t  

r e c o r d i n g s  r e f l e c t  changes d u r i n g  l e a r n i n g  much more s e n s i t i v e l y  

than t h e  EEG. These f i n d i n g s  may have a d i r e c t  r e l a t i o n s h i p  t o  

a d a p t i v e  motor phenomena i n  t h e  e a r l y  p e r i o d  o f  exposure t o  

p r o  1 onged we i g h t  1 es sness . 

E f f e c t s  o f  Calc ium Metabol ism i n  S p i n a l  Nerve C e l l s  

E. E. Decima 

A .  Ro le  o f  c a l c i u m  ions  on s y n a p t i c  t r a n s m i s s i o n  i n  t h e  
mammalian c e n t r a l  nervous system. 

The monosynaptic r e f l e x  (M.R.) i n  t h e  s p i n a l  c o r d  o f  pa ra -  

t h y r o i d e c t o m i z e d  c a t s  was s t u d i e d .  The r e s u l t s  show t h a t :  

1 .  I n  severe hypocalcemic t e t a n y  ( h y p o p a r a t h y r o i d  t e t a n y )  
t h e  M . R .  i s  absent ,  even i n  t h e  p e r i o d  o f  p o t e n t i a t i o n  n o r m a l l y  

seen a f t e r  a h i g h - f  requency s t i m u l a t i o n ,  i . e . ,  p o s t - t e t a n i c  
p o t e n t i a t i o n  i s  a l s o  absent .  Spontaneous s e i z u r e  a c t i v i t y  of 
t h e  s p i n a l  motoneurons may be observed i n  these an ima ls  a l s o .  

c o u l d  be ob ta ined.  However, t h e r e  was a gap o f  2 - 3  hours 

between f i r s t  normal ca lcemia  and t h e  appearance o f  M.R.  
T h i s  was p robab ly  due t o  a b l o o d - b a r r i e r  phenomenon. 

3 .  The r e s u l t s  r e p o r t e d  h e r e i n  a r e  a d d i t i o n a l  p r o o f  o f  
t h e  chemical n a t u r e  o f  t h e  synaps is  between I A  f i b e r s  and t h e  

s p i n a l  co rd  motoneuron because, as i n  t h e  chemical  t r a n s m i t -  

t i n g  synapsis, c a l c i u m  ions  seem e s s e n t i a l  f o r  s y n a p t i c  t r a n s -  
rnisslor? tc! occL!!-. 

2 .  A f t e r  c a l c i u m  ions  were g i v e n  i n t r a v e n o u s l y ,  t h e  M.R.  

6. Stud ies  o f  p r e s y n a p t i c  mechanisms i n  p o s t - t e t a n i c  

p o t e n t i a t  i o n  (PTP). 
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I n  p r e v i o u s  s t u d i e s  a s low ing  o f  conduct ion  v e l o c i t y  

( c . v . )  o f  I A  f i b e r s  d u r i n g  PTP had been observed. I n  t h e  

exper iments t o  be repo r ted  here, t h i s  change i n  conduc t ion  

v e l o c i t y  was s t u d i e d  a t  the p e r i p h e r y  ( w i t h  lJgrosslJ e l e c t r o d e s )  

and a t  t h e  c e n t r a l  l e v e l  ( w i t h  g lass  m i c r o p i p e t t e s ) .  The 

r e s u l t s  show: 

1 .  H y p e r p o l a r i z a t i o n  o f  I A  f i b e r s  was n o t  observed reg-  

u l a r l y .  I n  t h e  cases i n  wh ich  i t  occur red ,  i t  d i d  n o t  f o l l o w  

t h e  t ime  course o f  PTP. 

immedia te ly  a f t e r  t h e  end o f  t h e  te tanus ,  t h e  s p i k e  b e i n g  

s m a l l e r  and t h e  r a t e  o f  r e p o l a r i z a t i o n  a l i t t l e  s lower  than 

t h e  c o n t r o l s .  However, these e f f e c t s  l a s t e d  o n l y  a few 

seconds and were n o t  observed th roughout  t h e  p e r i o d  i n  wh ich  

C . V .  was changed. 

2. The shape and d u r a t i o n  o f  t h e  sp i kes  were a l t e r e d  o n l y  

The p o s s i b i l i t y  t h a t  some smal l  changes c o u l d  be d e t e c t e d  

by i n t r a f i b e r  s t i m u l a t i o n  ( t h r o u g h  t h e  r e c o r d i n g  m i c r o -  

e l e c t r o d e )  i s  b e i n g  t e s t e d  a t  t h e  p resen t ;  t h e  r a t e  o f  de- 

p o l a r i z a t i o n  o f  t h e  l o c a l  response and t h e  t h r e s h o l d  d e p o l a r i z a -  

t i o n  a r e  b e i n g  e s p e c i a l l y  ana lyzed.  

Renal F u n c t i o n s  i n  t h e  Space Environment 

A .  T. K.  Cockett 

D r s .  Cocket t  and Nakamura have extended t h e i r  work i n  

decompression u s i n g  tagged a lbumin  p a r t i c l e s  ( I  1 3 ’ )  i n j e c t e d  

i n t o  t h e  c i r c u l a t o r y  system t o  r a d i o g r a p h i c a l l y  map t h e  lung 

f i e l d .  Thei r p r e l i m i n a r y  o b s e r v a t i o n s  have shown marked 

b lockage o f  t h e  pulmonary a r t e r i a l  c i  r c u l a t i o n  f o l l o w i n g  a 

p r e c i p i t o u s  decompression. S t u d i e s  i n  t h e  use o f  plasma 

volume replacement w i t h  and w i t h o u t  hypothermia have 

r e s u l t e d  i n  v e r y  success fu l  recovery  f rom decompression 

s i ckness  w i t h o u t  t h e  usual recompression procedures.  Th is  

f i n d i n g  w i  1 1  become o f  g rea t  impor tance i f  gaseous env i  ron-  

ments w i t h  a tmospher ic  components a r e  used i n  s p a c e c r a f t  s i n c e  

t h e  h a b i t a b l e  environment w i l l  be a t  a g r e a t e r  p ressu re  than 
t h e  e x t e r n a l  env i  ronment. 
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shown 

k e p t  

posed 

i r r a d  

he work r e l a t i n g  t o  t h e  f o r m a t i o n  o f  u r i n a r y  c a l c u l i  has 

s i g n i f i c a n t l y  s m a l l e r  f o r m a t i o n s  i n  exper imen ta l  an ima ls  

n i s o l a t i o n  f o r  extended p e r i o d s  a g a i n s t  n o r m a l l y  ex-  

c o n t r o l s .  S i m i l a r l y ,  exposure t o  l o w  dosage whole body 

a t i o n  f o r  e i g h t  weeks r e s u l t e d  i n  s i g n i f i c a n t l y  s m a l l e r  

b ladder  c a l c u l i  than  found i n  a c o n t r o l  group. The fo rma t ions ,  

however, appear t o  be c r i t i c a l l y  d o s e - r e l a t e d ,  a p p r o x i m a t e l y  

300 vp a t  a r a t e  o f  one Roentgen p e r  day. 

Renal f u n c t i o n  has been i n v e s t i g a t e d  i n  i t s  r e l a t i o n s h i p  

t o  p a r t i a l  o b s t r u c t i o n  o f  t h e  u r e t e r .  Renogram examinat ions  

have proved t o  be s e n s i t i v e  i n d i c a t o r s  o f  o b s t r u c t i v e  u r i n a r y  

f l o w  p a t t e r n s .  

Study o f  a n t i b a c t e r i a l s  i n  t h e  l y m p h a t i c  system o f  t h e  

k idneys  has demonstrated t h a t  rena l  lymph i s  a b e t t e r  i n d i c a t o r  

o f  c e r t a i n  a n t i b a c t e r i a l s  i n  t h e  t i s s u e s  than  a r e  b l o o d  l e v e l s .  

The lymphat ics  p r o b a b l y  p l a y  an impor tan t  r o l e  i n  r e n i n -  

a n g i o t e n s i n  t r a n s p o r t  t o  t h e  adrena l  g lands  and t h e  sys temic  

c i  r c u l a t i o n .  

The t h i r d  s tudy  i n  rena l  phys ' io logy  has been concerned 

w i t h  t h e  p r o d u c t i o n  o f  graded rena l  b l o o d  supp ly  i n s u f f i c i e n c y  

employ ing an e l e c t r o m a g n e t i c  f lowmeter .  Oxygen s a t u r a t i o n  and 

oxygen t e n s i o n  i n  t h e  r e n a l  v e i n  a r e  s i g n i f i c a n t l y  reduced 

f o l l o w i n g  graded renal  a r t e r y  compression. S i m i  l a r l y ,  l a c t i c  

a c i d  l e v e l s  a r e  e leva ted ,  and t h e  pH i s  reduced (more a c i d i c )  

i n  t h e  renal  v e i n  d r a i n i n g  t h e  ischemic  k idney .  

S tud ies  o f  t h i s  n a t u r e  p r o v i d e  a means f o r  more d i  r e c t l y  

assess ing  k i d n e y  f u n c t i o n  and may be a p p l i e d  t o  v a r i o u s  

s i t u a t i o n s  where env i ronmenta l  i n f l u e n c e  may be o v e r r i d i n g .  

E f f e c t s  o f  S t e r o i d  Substances on I n t e r m e d i a t e  Metabo l ism 

A .  J. Mandell 

We a r e  i n v o l v e d  i n  a two-phase program r e l a t e d  t o  e l u c i d a -  

L I  ny neuruendocrir ie arid rrietaboi i c  torielates of ~ e i 7 t r a l  n e r l i ~ i i s  
s t a t e s  i n  man. These approaches, we f e e l ,  w i l l  add c o r r e l a t i v e  
and meaningfu l  da ta  t o  t h e  e l e c t r o p h y s i o l o g i c a l  s t u d i e s  of  t h e  

c e n t r a l  nervous system i n  s l e e p  and s t r e s s  s t a t e s  i n  man 

L .  
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a l r e a d y  go ing  on i n  t h e  Space B i o l o g y  L a b o r a t o r y .  

The f i r s t  phase o f  ou r  program i n v o l v e s  t h e  c o r r e l a t i o n  

o f  t h r e e  neuroendocr ine  parameters as w e l l  as some m e t a b o l i c  

and rena l  f u n c t i o n  changes a s s o c i a t e d  w i t h  d i f f e r e n t  EEG stages 

o f  s leep;  e s p e c i a l l y  t h e  r a p i d  eye movement s tage.  Us ing  

u r i n a r y  c a t h e t e r  adapted, h o s p i t a l  ized,  u r o l o g y  p a t i e n t s  w i t h  

normal rena l  f u n c t i o n  s tud ies ,  we a r e  c o r r e l a t i n g  d i f f e r e n t  

EEG stages o f  a l l - n i g h t  s leep  reco rds  w i t h  r e f l e c t i o n s  o f  

ADH, ACTH, and ca techo l  amine r e l e a s e  i n  t h e  u r i n e ,  wh ich  i s  

c o l l e c t e d  c o n t i n u o u s l y  i n  a vo lume- regu la ted  f r a c t i o n  c o l l e c t o r .  

We have done severa l  n i g h t s  now on f o u r  s u b j e c t s ,  and r a t h e r  

c o n s i s t e n t  r e s u l t s  a r e  b e g i n n i n g  t o  appear :  i t  appears t h a t  

t h e r e  i s  a marked d rop  i n  u r i n a r y  volume per  m i n u t e  d u r i n g  

the  onset  and e a r l y  phase o f  r a p i d  eye movement p e r i o d s ;  i t  

appears t h a t  t h e r e  i s  a marked r e l e a s e  o f  ACTH d u r i n g  t h e  

REM p e r i o d  as r e f l e c t e d  by i nc reases  i n  u r i n a r y  17-hydroxy- 

c o r t i c o i d s ;  and we a r e  c u r r e n t l y  check ing  f o r  changes i n  

ca techo l  amine e x c r e t i o n  ( v i a  t h e  ma jo r  metabol i t e ,  VMA) 

and a r e  d o i n g  o s m o l a r i t i e s  and c r e a t i n i n e  t o  see i f  t h e  

u r i n e  volume changes a r e  secondary t o  changes i n  GRF (wh ich  

i s  u n l  i k e l y )  o r  due t o  the r e l e a s e  o f  an ADH-1 i ke substance. 

We are ,  i n  a d d i t i o n ,  s t u d y i n g  p r o t e i n  m o b i l i z a t i o n  d u r i n g  REM 
p e r i o d s .  P o s t u l a t i n g  tha t  t h e r e  may be a n u t r i t i o n a l  f u n c t i o n  

t o  t h e  p e r i o d i c  REM s t a t e  ( f a t t y  a c i d s  go up, c o r t i c o i d s  which 

l ead  t o  g luconeogenesis  go up, perhaps glycogen m o b i l i z i n g  

c a t e c h o l s  go up, e t c . ) ,  we wondered i f  t h e  p e r i o d i c  c o r t i c o i d  

r i s e  would be o f  s u f f i c i e n t  magni tude t o  m o b i l i z e  p r o t e i n .  

We t h e r e f o r e  gave smal l  amounts o f  C t r y p t o p h a n  t o  s u b j e c t s  

severa l  hours i n  advance o f  go ing  t o  s l e e p  so  t h e  plasma l e v e l  

would s t a b i  1 i ze ,  and u s i n g  venous c a t h e t e r s ,  s e r i a l  b l o o d  

samples were c o l l e c t e d  and r a d i o a c t i v i t y  de termined d u r i n g  

t h e  n i g h t  and c o r r e l a t e d  t o  REM p e r i o d s .  I f  t h e r e  was amino 

a c i d  m o b i l i z a t i o n  a s s o c i a t e d  w i t h  t h e  REM phenomenon, we 

would see p r e d i c t a b l e  increases i n  plasma r a d i o a c t i v i t y  a t  

some i n t e r v a l  ( p r o b a b l y  20 t o  40 m i n u t e s )  f o l l o w i n g  t h e  REM 
epoch. These da ta  a r e  c u r r e n t l y  b e i n g  analyzed.  I n  genera l ,  

t h e  knowledge o f  t h e  c o r r e l a t e s  o f  these s l e e p  EEG s t a t e s  

14 
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w i l l  add i n f o r m a t i o n  t o  EEG s t u d i e s ,  as f o r  example m i g h t  be 

mon i to red  i n  space. 

The second phase o f  o u r  program i s  t h e  s y s t e m a t i c  s t u d y  

o f  ad rena 1 g 1 ucocor  t i c o i  d s e c r e t  i on du r i ng psycho1 og i ca 1 
s t r e s s e s  and t h e  a s s o c i a t e d  changes i n  amino a c i d  enzyme 

a c t i v i t y  as r e f l e c t e d  by  d i f f e r e n t i a l  t u r n o v e r  o f  a number o f  

m e t a b o l i t e s  o f  a s i n g l e  amino a c i d  ( t r y p t o p h a n ) ,  u s i n g  smal l  

amounts of i s o t o p i c  t r y p t o p h a n  i n  man. Our search  i s  f o r  more 

s u b t l e  metabol i c  i n d i c a t o r s  o f  p s y c h o l o g i c a l  s t r e s s e s  i n  man. 

We have r e c e n t l y  o b t a i n e d  some ev idence t h a t  c e r t a i n  pathways 

i n  t r yp tophan  metabo l ism a r e  d i f f e r e n t i a l l y  inc reased i n  r a t e  
ove r  c o n t r o l  pathways i n  response t o  smal l  amounts o f  ACTH 

(and accompanying r i s e s  i n  plasma 1 7 - h y d r o x y c o r t i c o i d  t h a t  

a r e  s i m i l a r  t o  those  seen i n  p s y c h o l o g i c a l  u p s e t ) .  We a r e  

c u r r e n t l y  examin ing b o t h  1 7 - h y d r o x y c o r t i c o i d  l e v e l s  and t r y p -  

tophan metabol i t e s  d u r i n g  t h e  c y c l  i c  p s y c h o l o g i c a l  decompensa- 

t i o n  o f  p a t i e n t s  w i t h  p e r i o d i c  psychoses. We w i l l  b e g i n  t o  

work w i t h  more s u b t l e  b e h a v i o r a l  s t r e s s o r s  i n  a s s o c i a t i o n  w i t h  

EEG s t u d i e s  o f  s t r e s s  i n  man go ing  on i n  t h e  Space B i o l o g y  

Labora to ry  as soon as  t h e  parameters o f  o u r  m e t a b o l i c -  

dependen t -va r iab le  have been worked o u t .  

THE EFFECT OF ROCKET EXHAUSTS C O N T A I N I N G  C E R T A I N  ELEMENTS 

ON R O C K Y  INTERTIDAL M A R I N E  C O M M U N I T I E S  ON SAN NICHOLAS ISLAND 
R .  A. Boo loo t i an  Account No. 448674 
R. I. Caplan 

I n  a p r e v i o u s  r e p o r t  ( J u l y  1965) p r e l  i m i n a r y  r e s u l t s  
o b t a i n e d  d u r i n g  a year o f  f i e l d  s t u d y  (June 1964 t o  June 

1965) o f  t h e  mar ine  f l o r a  and fauna a t  San N i c h o l a s  I s l a n d  
were g iven.  I n  t h a t  r e p o r t  t h e  number of  spec ies ,  31 
an imal  and 44 p l a n t ,  wh ich  were i n c l u d e d  i n  t h e  z o n a t i o n  s t u d y  

was i n d i c a t e d .  The dominant spec ies  i n  each s t u d y  a rea  (Area 

1 and Area 2 )  was i n d i c a t e d  w i t h o u t  s p e c i f i c a l l y  d e f i n i n g  t h e  

p r e l i m i n a r y  a n a l y s i s  o f  da ta  c o l l e c t e d  d u r i n g  t h e  f a l l  

(August 1 t o  September 18, 1969), t h e  w i n t e r  (December 12 

7 n n ~ c  l q h i ~ h  +he\/ nrp i i r red .  I t  ~ q a s  f n r t h ~ , r  s t a t e d  t h a t  
J ---- '  --, ,-- 
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t o  23, 1964), ahe s p r i n g  (March 21 t o  25, 19651, and t h e  

summer (June 1 2 '  t o  15, 1965) p e r i o d s  i n d i c a t e d  t h e  presence 

o f  seasonal t r e n d s  i n  p o p u l a t i o n  d e n s i t y  f l u c t u a t i o n s .  The 

z o n a t i o n  p a t t e r n  as  w e l l  as t h e  seasonal t r e n d s  i s  d iscussed 

i n  t h i s  r e p o r t .  

The p a t t e r n  o f  zona t ion  o f  f l o r a  and fauna i n  b o t h  s t u d y  

a r e a s  i s -  d i v i d e d  i n t o  f o u r  b a s i c  b e l t s  o r  zones. Each b e l t  

i s  c h a r a c t e r i z e d  by  severa l  domitiant an imal  and p l a n t  spec ies  

whose maximum abundance occurs  w i t h i n  t h e  b e l t .  These b e l t s  

a r e  a r ranged s e r i a l l y  a long  t h e  s t u d y  t r a n s e c t s  i n  each a rea ;  

t h e  range o f  each i s  g i ven  i n  f e e t  above t h e  z e r o  t i d a l  l e v e l ,  

Mean Low Low Water. S ince t h e  ranges o f  these b e l t s  as  w e l l  

a s  t h e  spec ies  wh ich  c h a r a c t e r i z e  t h e  b e l t s  a r e  s i m i l a r  f o r  each 

a r e a  of s tudy ,  t h e  zona t ion  p a t t e r n s  a r e  c o n c u r r e n t l y  d iscussed.  

The uppermost b e l t  (+11.0 '  t o  + 7 . 5 ' )  c o n t a i n s  a ba rnac le ,  

Chthamalus f i s s u s ,  a s n a i l ,  L i t t o r i n a  p l a n a x i s ,  and t h e  a lgae ,  

- Ulva (Area 1 )  o r  Endocladia m u r i c a t a  (Area 2 ) .  Between t h i s  

zone and t h e  n e x t ,  a t r a n s i t i o n a l  spec ies  o f  a lgae,  Cladoph o r a  

t r i c h o t o m  , e x i s t s .  I n  t h e  n e x t  zone ( + 7 . 5 '  t o  + 4 . 5 ' ) ,  t h e  

dominant spec ies  a r e  a l impe t ,  Acmaea d i g i t a l i s ,  a s n a i l ,  

h i t t o r i n a  sc u t u l a t a  and the  e n c r u s t i n g  a lgae ,  R a l f s i a  p a c i f i c a .  

The t r a n s i t i o n a l  spec ies  between t h i s  b e l t  and t h e  n e x t  i s  t h e  

b a r n a c l e  Tet  r a c l  1 t a  snuamosa rubesceax., ?he t h i  rd be! t 
( 4 . 5 '  t o  +3.0') i s  dominated by  a mussel, M y t i l u s  c a l i f o r n i a n u s ,  

t w o  spec ies  o f  l i m p e t s ,  L o t t i a  s ic lantea and Acrnaea scabra, and 

t h e  a l g a e  Endoc lad ia  rnur icata.  I n  Area 2, however, M v t i l u s  

c a l  i f o r n i a n u s  i s  rep laced  by t h e  anemone, Anthop leura  

G l e s a n t i s s i m a ,  whi l e  Endoclad ia m u r i c a t a  i s  rep laced  by P l o -  

camium coccineumn. The f o u r t h  and lowes t  zone (+3.0' t o  

0 . 0 ' )  c o n t a i n s  t w o  spec ies  o f  c o r a l  1 i n e  a lgae ,  Cora l  1 i n a  

vancouveriensis and Lithothanrnnium, and t h e  c h i t o n  

N u t t a l i n a  c a l i f o r n i c a  (Area 1 o n l y ) .  S i m i l a r i t i e s  i n  t h e  

p a t t e r n s  of z o n a t i o n  between t h e  two s t u d y  a reas  enab le  t h e  

u t i l i z a t i o n  of Area 2 as a c o n t r o l  f o r  f u r t h e r  s t u d y  o f  

Area 1 .  

A f t e r  comp le t i on  o f  t h e  z o n a t i o n  s tudy ,  seve ra l  r e g i o n s  
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i n  each area o f  s t u d y  were s e l e c t e d  i n  o r d e r  t o  de te rm ine  t h e  

magnitude o f  seasonal v a r i a t i o n s  i n  p o p u l a t i o n  d e n s i t i e s  o f  

t h e  major  spec ies  i n  each zone. These seasonal t r e n d s  were 

determined by  a n a l y z i n g  t h e  seasonal c o l l e c t i o n  d a t a  w i t h  t h e  

Wi lcoxon S ign  Rank Test .  Th i s  a n a l y s i s  revea led  t h a t  t h e r e  

was a s i g n i f i c a n t  decrease i n  t h e  number o f  a d u l t s  d u r i n g  

t h e  p e r i o d  from f a l l  1964 t o  summer 1965. Th is  t r e n d  was most 

marked d u r i n g  t h e  p e r i o d  between f a l l  and w i n t e r  1964 i n  
p o p u l a t i o n s  o f  C h t h m l u s  f i ssuk ,  h a e a  scabr  a, M y t i l u s  

d i f o r n l a n w  , and I i t t o r i m  s c u t u l a t a  . Th is  decrease i n  
abundance was m a i n t a i n e d  f rom w i n t e r  1964 t o  summer 1965 
i n  p o p u l a t i o n s  o f  M y t i l u s  c a l  i f o r n i a n u s  and L i t t o r i n a  

s u c u t l a t a  o n l y .  D u r i n g  t h e  p e r i o d  o f  s tudy ,  t h r e e  spec ies  

con ta ined  j u v e n i l e  i n d i v i d u a l s  t h a t  had v a r i o u s  e f f e c t s  on t h e  

a d u l t  p o p u l a t i o n  t r e n d s  ment ioned.  These j u v e n i  l e s  p layed  a 

m ino r  r o l e  i n  p o p u l a t i o n s  o f  T e t r a c l  i t a  squamosa rubescens 

and Chthamalus f i s s u s .  However, i n  p o p u l a t i o n s  o f  L i t t o r i n a  

p l a n a x i s ,  t h e  j u v e n i l e  group was r e s p o n s i b l e  f o r  a genera l  

i nc rease  i n  t h e  abundance o f  t h i s  spec ies  d u r i n g  t h e  s p r i n g  and 

summer p e r i o d s  o f  s t u d y  (March t o  June, 1965). 

The magni tude o f  these seasonal t r e n d s  i s  r e f l e c t e d  by 

t h e  p a t t e r n s  o f  a d u l t  and j u v e n i l e  m o r t a l  i t y  d u r i n g  t h e  

p e r i o d  o f  s tudy .  Four  t ypes  o f  a d u l t  p o p u l a t i o n s  were p r e s e n t  

w i t h  each showing a d i f f e r e n t  degree o f  m o r t a l i t y .  The f i r s t  

t y p e  i s  c h a r a c t e r i z e d  by Chthamalus f i s s u s  i n  wh ich  t h e  
annual mor ta l  i t y  was v e r y  h igh ,  e .g . ,  60%. M v t i  l u s  c a l  i f o r -  

n i a n u s  had t h e  n e x t  h i g h e s t  m o r t a l i t y  d u r i n g  t h e  s t u d y  p e r i o d ,  

e .g . ,  40%. The m o r t a l i t y  i n  p o p u l a t i o n s  o f  Acmaea d i g i t a l i s  
was low d u r i n g  t h e  p e r i o d  o f  s t u d y  as  compared t o  Chthamalus 

f i s s u s  and M y t i l u s  c a l i f o r n i a n u s ,  e .g. ,  40$. A d u l t  popu la -  

t i o n s  o f  Anthop leura  e l e g a n t i s s i m a  showed m ino r  f l u c t u a t i o n s  
i n  abundance, t h e  annual m o r t a l i t y  b e i n g  o n l y  10%. I n  t h r e e  

spec ies  which c o n t a i n e d  j u v e n i l e  i n d i v i d u a l s ,  m o r t a l  i t y  was 

a i s 0  s tud ied .  Ine h i g h e s t  j u v e n i i e  m o r t a i i t y  was n o t e d  i n  - I  

popu 1 a t  ions  o f  Tet  r a c l  i t a  squamosa rubescens i n wh ich  80% 
o f  t h e  i n d i v i d u a l s  d i e d  w i t h i n  a s i x -mon th  p e r i o d  (December 
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24, 1964, t o  June 15, 1965). The m o r t a l i t y  f o r  p o p u l a t i o n s  

o f  L i t t o r i n a  p l a n a x i s  was h a l f  t h a t  f o r  T e t r a c l i t a  d u r i n g  

t h e  same t i m e  p e r i o d ;  an i nc rease  i n  j u v e n i l e s  was no ted  

fo r  L. p l a n a x i s  i n  some o f  t h e  zones s t u d i e d .  The m o s t  s t a b l e  

j u v e n i l e  p o p u l a t i o n  occu r red  i n  t h e  b a r n a c l e  Chthamalus f i s s u s ,  

a s  o n l y  a 10% m o r t a l i t y  was recorded d u r i n g  t h e  p e r i o d  o f  

s t u d y .  

The f i r s t  year o f  s tudy  has p r o v i d e d  v a l u a b l e  i n f o r m a t i o n  

concern ing  b iogeograph ic  p o s i t i o n  o f  San N i c h o l a s  I s l a n d .  

Comparisons of t h e  f l o r a  and fauna on t h i s  i s l a n d  and o t h e r  

Channel I s l a n d s  demonstrate t h a t  t h i s  a s s o c i a t i o n  o f  spec ies  

be longs  t o  t h e  n o r t h e r n  borea l  p r o v i n c e  whose southern  1 i m i  t 

i s  P o i n t  Concept ion.  Another year o f  f i e l d  work i s  b o t h  

necessary and d e s i r a b l e  i n  o r d e r  t o  q u a n t i f y  t h i s  f i n d i n g  as  

w e l l  a s  t o  de te rm ine  t h e  magnitude o f  changes i n  z o n a t i o n  

p a t t e r n s  and seasonal t r e n d s .  F u r t h e r  i n v e s t i g a t i o n  w i  1 1  
s e r v e  t o  r e i n f o r c e  t h e  data a l r e a d y  ga the red  a f t e r  wh ich  

t i m e  t h e  r o c k e t  t e s t s  may resume. 

PATTERN R E C O G N I T I O N  OF SENSORY SIGNALS I N  ANIMALS 
T .  H. B u l l o c k  Account No. 448675 

Th is  g r a n t  was f o r  t he  purpose o f  e q u i p p i n g  a new 

l a b o r a t o r y  i n  t h e  new Mar ine Neurob io logy  F a c i l  i t y  o f  t h e  

B r a i n  Research I n s t i t u t e  l o c a t e d  on t h e  t h i r d  f l o o r  o f  t h e  

new Phys io logy  Research B u i l d i n g  on t h e  U C - S D  campus. T h i s  

b u i l d i n g  i s  n e a r l y  completed as  o f  September 15, 1965, b u t  s t i l l  

l a c k s  s i n k s ,  l a b o r a t o r y  benches, and t h e  l i k e .  We have 

t h e r e f o r e  been unab le  t o  s t a r t  t h i s  research .  However, 

most o f  t h e  i tems o f  equipment t o  be purchased under t h i s  

g r a n t  have been o rde red  and d e l i v e r e d .  One o r  two i tems 

have n o t  been ordered,  p a r t i c u l a r l y  a m i c r o m a n i p u l a t o r .  

The research  w i l l  commence t h e  day t h a t  t h e  l a b o r a t o r y  i s  

capab le  o f  b e i n g  used, s i n c e  D r .  B u l l o c k  h i m s e l f  i s  on 

s a b b a t i c a l  l e a v e  t h i s  year and i s  i n  res idence  i n  La J o l l a ,  

where he has t h i s  equipment ready t o  be i n s t a l l e d  and has 

borrowed m ic roman ipu la to rs  u n t i  1 t h e  new ones a r e  rece ived .  



Th is  equipment w i l l  assu re  t h a t  t h e  newly  c o n s t r u c t e d  Mar ine  

Neurob io logy  F a c i l i t y  o f  t h e  B r a i n  Research I n s t i t u t e  w i l l  
beg in  o p e r a t i o n  on a f u l l  s c a l e  of exper imen ta l  research  i m -  

m e d i a t e l y  as i t  i s  ready f o r  occupancy, a t  l e a s t  w i t h  respec t  

t o  t h i s  one l a b o r a t o r y .  The o t h e r  l a b o r a t o r i e s  w i l l  s i m i l a r l y  

be p u t  t o  use immedia te ly  by co r respond ing  suppor t  from o t h e r  L 

sources. The p r o d u c t i v e  employment, t h e r e f o r e ,  o f  t h i s  new 

f a c i l i t y  w i l l  be maximal f rom t h e  o u t s e t ,  and i t  i s  o u r  hope 

and e x p e c t a t i o n  t h a t  s i g n i f i c a n t  s c i e n t i f i c  r e s u l t s  and d i s -  

c o v e r i e s  w i l l  ensue a t  a v e r y  c r e d i t a b l e  pace i n  v iew o f  t h e  

h i g h l y  s p e c i a l i z e d  and unusual advantages o f  t h e  s i t e  and 

i t s  a n c i l l a r y  f a c i l i t i e s  and o f  t h e  h i g h  l e v e l  o f  s c i e n t i f i c  

personnel t h a t  i t  has been p o s s i b l e  t o  r e c r u i t  and p u t  i n t o  

these  l a b o r a t o r i e s ;  a l l  o f  them a l r e a d y  i n  res idence  and 

l i t e r a l l y  w a i t i n g  w i t h  equipment i n  hand t o  move i n t o  t h e  

space. 



E N G I N E E R I N G  

HIGH ENERGY ELECTRODES I N  NON-AQUEOUS ELECTROLYTIC 

SOLUTIONS 

D. N .  Bennion Account No. 448632 

B a t t e r i e s  wh ich  e x h i b i t  h i g h  energy p e r  u n i t  we igh t  r a t i o s  

a r e  a n e c e s s i t y  i n  space e x p l o r a t i o n .  Th is  research  i s  d i -  

r e c t e d  toward g a i n i n g  necessary fundamental i n f o r m a t i o n  r e -  

q u i  red  t o  r e a l  i z e  improved e lec t rochemica l  power systems f o r  

space app l  i c a t i o n .  Aqueous e l e c t r o l y t e  systems have been ex- 

t e n s i v e l y  s t u d i e d ;  however, t h e  p o t e n t i a l i t i e s  o f  non-aqueous 

systems have o n l y  r e c e n t l y  begun t o  be i n v e s t i g a t e d .  Many h i g h  

energy e l e c t r o d e s  co r rode  r a p i d l y  i n  aqueous systems as we1 1 as 

showing o t h e r  u n d e s i r a b l e  k i n e t i c  behav io r  wh ich  i s  o f t e n  n o t  

p resen t  i n  non-aqueous environments.  

I t  i s  t h e  purpose o f  t h i s  research  t o  i n v e s t i g a t e  p romis ing  

combina t ions  o f  e l e c t r o l y t i c  s o l v e n t s ,  e l e c t r o l y t e s ,  and e l e c t r o d e  

m a t e r i a l s .  Emphasis i s  be ing  p laced  on h i g h  energy p e r  u n i t  

we igh t  combina t ions  which o f f e r  p o s s i b i l i t i e s  o f  f a b r i c a t i o n  

i n t o  p r a c t i c a l  c e l l s .  

The r e d u c t i o n  o f  meta d i n i  t r o  benzene i n  a 1 i t h i u m  n i t r a t e  

s o l u t i o n  i s  b e i i i g  I n v e s t i g a t e d ,  ~ 1 s i f i g  liquid ammonia 1 s  s o l v e n t .  

The r e a c t i o n  w i l l  then  be s tud ied ,  u s i n g  DMSO as t h e  s o l v e n t .  

D e t e r m i n a t i o n  o f  t h e  r e a c t i o n  mechanism and r a t e  d e t e r m i n i n g  

s t e p  a r e  an immediate g o a l .  I t  appears l i k e l y  t h a t  t h e  r a t e  
c o n t r o l  1 i n g  s t e p  i s  t h e  mass t r a n s p o r t  o f  d i n i t r o  benzene molecu les  

f rom t h e  b u l k  d i n i t r o  benzene phase t o  t h e  s u r f a c e  o f  t h e  carbon 

where t h e  e l e c t r o c h e m i c a l  reduc t i on  can t a k e  p l a c e .  An e x p e r i -  

mental  techn ique f o r  de te rm in ing  t h i s  i s  now i n  t h e  advanced 

deve 1 opmenta 1 s tage. 

SURFACE TEMPERATURE MEASUREMENT ON SUBLIMATING SURFACES 
A .  F .  Charwat Account No, 448641 

To s tudy  t h e  e f f e c t s  of s u b l i m a t i o n  o f  r e l a t i v e l y  low 

tempera ture  m a t e r i a l s ,  one t u r n s  t o  t h e  u t i 1  i z a t i o n  o f  t h e  

f l uo rescence  o f  c e r t a i n  i n o r g a n i c  m a t e r i a l s .  
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T h i s  c l a s s  o f  luminescent  m a t e r i a l s ,  known as thermograph ic  

phosphors, e m i t  i n  t h e  v i s i b l e  spect rum when e x c i t e d  by u l t r a -  

v i o l e t  r a d i a t i o n .  Th is  phenomenon i s  b a s i c a l l y  t h e  r e s u l t  o f  

e l e c t r o n s  which, a f t e r  b e i n g  r a i s e d  t o  an e x c i t e d  s t a t e  by t h e  

u l t r a v i o l e t  r a d i a t i o n ,  e m i t  energy i n  t h e  fo rm o f  f l u o r e s c e n c e  

as t h e y  r e t u r n  t o  t h e  ground s t a t e .  Both t h e  i n t e n s i t y  and 

t h e  s p e c t r a l  d i s t r i b u t i o n  o f  t h e  f l u o r e s c e n c e  depend on tempera- 

t u r e .  Other f a c t o r s  such as  t h e  i n t e n s i t y  o f  t h e  u l t r a v i o l e t  

e x c i t a t i o n  source a l s o  a f f e c t  t h e  i n t e n s i t y  o f  t h e  f l u o r e s c e n c e .  

Th is  method, developed by Paul Thureau i n  France f o r  use i n  
s t u d y i n g  h i g h  speed c o n v e c t i v e  heat  t r a n s f e r ,  i s  b e i n g  adapted 

f o r  t h e  s tudy  o f  low tempera ture  s u b l i m a t i o n  of  m a t e r i a l s  such 

as  camphor and naptha lene.  

Var ious t ypes  o f  phosphors a r e  b e i n g  i n v e s t i g a t e d .  The 

phosphor m a t e r i a l  i n  powder form w i  1 1  be m i x e d  w i t h  t h e  camphor 

o r  naptha lene p r i o r  t o  f a b r i c a t i o n  o f  t h e  model by compression 

s i n t e r i n g .  Th is  w i l  1 a l l o w  f o r  con t inuous  measurements d u r i n g  

t e s t i n g .  The most p r o m i s i n g  phosphors w i  1 1  be c a l i b r a t e d  u s i n g  

an oven t o  heat  t h e  models t o  s p e c i f i e d  tempera ture  l e v e l s  

and t a k i n g  t h e  measurements i n  t h e  oven. 

Th is  s u r f a c e  tempera ture  measurement appara tus  w i  1 1  then  

be used t o  de te rm ine  t h e  s u r f a c e  tempera ture  o f  camphor and 
naptha lene d u r i n g  sub1 i m a t i o n  as a f i n a l  checkout  t e s t .  

MATERIAL S H A P I N G  BY ELECTROLYSIS AT H I G H  CURRENT D E N S I T I E S  
R.  R. C o l e  Account No. 448647 

Ac tua l  work on t h e  p r o j e c t  was scheduled t o  s t a r t  October  

1 ,  1964. However, t h e  borrowed equipment was n o t  sh ipped as  

o r i g i n a l l y  promised, and t h e r e  was a f u r t h e r  d e l a y  w h i l e  w a i t i n g  
f o r  t h e  ground t o  d r y  o u t  s u f f i c i e n t l y  f o r  t h e  h e a v i e r  p i e c e s  
t o  be moved i n t o  t h e  b u i l d i n g .  Work (and charges a g a i n s t  t h e  

budge t )  was t h e r e f o r e  n o t  s t a r t e d  u n t i l  January 1965. 

The f i r s t  goal wh ich  was s e t  f o r  t h e  p r o j e c t  was t o  
i d e n t i f y  t h e  main process  v a r i a b l e s  which c o n t r o l  t h e  d i s s o l u -  

t i o n  o f  t he  anode. For t h i s  purpose an e l e c t r o l y t i c  c e l l  was 
des igned and b u i l t .  Th i s  c e l l  employs a s i m p l e  e l e c t r o d e  
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geometry and enables t h e  h i g h  c u r r e n t  d e n s i t y  e l e c t r o l y t i c  
r e a c t i o n  t o  be observed and photographed f o r  t h e  f i r s t  t ime .  

Observa t i ons  o f  t h e  f l o w  i n  t h e  gap r e v e a l s  t h a t  a 

c o n s i d e r a b l e  r e g i o n  n e x t  t o  t h e  anode i s  occup ied  by a vapor  

phase. Th is  r e g i o n  inc reases  i n  t h i c k n e s s  f rom t h e  l e a d i n g  

edge. I t  was found t h a t  t h e  t h i c k n e s s  o f  t h e  two-phase r e g i o n  

s t r o n g l y  depends on t h e  e l e c t r o l y t e  v e l o c i t y  and t h e  c u r r e n t  

d e n s i t y .  The f a c t  t h a t  t h e  mass t r a n s f e r  o f  i o n s  t h r o u g h  t h e  gap 
i s  a f f e c t e d  by  t h e  two-phase r e g i o n  can be seen from t h e  decrease 

i n  t h e  gap d i s t a n c e  w i t h  t h e  i n c r e a s e  o f  t h e  two-phase reg ion .  

P l o t s  o f  c u r r e n t  vs .  v o l t a g e  and f l o w  r a t e  a l s o  i n d i c a t e  t h a t  

t h e  two-phase r e g i o n  p l a y s  an impor tan t  p a r t  i n  t h e  mass t r a n s f e r  

o f  i ons  t h r o u g h  t h e  gap. F u r t h e r  c o r r e l a t i o n s  between t h e  

c u r r e n t  d e n s i t y ,  e l e c t r o l y t e  f l o w  r a t e  and e l e c t r o d e  gap and 

t h e  l e n g t h  o f  t h e  s ing le -phase  r e g i o n  and t h e  t h i c k n e s s  o f  t h e  

two-phase r e g i o n  a r e  now be ing  made. R e s u l t s  o f  these c o r r e l a t i o n s  

a r e  encouraging,  b u t  more data a re  requ i  red.  

P lans f o r  F u t u r e  Work 

Work d u r i n g  t h e  n e x t  year w i l l  c o n t i n u e  t o  be d i r e c t e d  
toward g a i n i n g  a b e t t e r  unders tand ing  o f  t h e  fundamental 

mechanisms o f  t h e  process.  

W i t h  t h e  newly  developed e l e c t r o l y t i c  c e l l  and techn ique  
f o r  a c t u a l l y  o b s e r v i n g  and photograph ing  c o n d i t i o n s  i n  t h e  

e l e c t r o d e  gap d u r i n g  passage o f  c u r r e n t ,  i t  shou ld  be p o s s i b l e  

t o  d e r i v e  and e x p e r i m e n t a l l y  v e r i f y  a r e l a t i o n  t o  express  t h e  

change i n  c o n d u c t i v i t y  o f  t he  e l e c t r o l y t e  as  i t  passes th rough  

t h e  e l e c t r o d e  gap. S ince  equa t ions  f o r  e l e c t r o n i c  computer ap-  

p l i c a t i o n  a r e  a1 ready a v a i l a b l e  f o r  comput ing t h e  cathode c o n t o u r  

f o r  a d e s i  red anode con tou r ,  assuming an unchanging c o n d u c t i v i t y  

o f  t h e  e l e c t r o l y t e ,  such a r e l a t i o n s h i p  would p e r m i t  these 

e q u a t i o n s  t o  be m o d i f i e d  w i t h  c o n s i d e r a b l e  improvement i n  t h e i r  

i n d u s t r i a l  app l  i c a t i o n .  

I n  pas t  work anomalous r e s u l t s  f o r  c u r r e n t  e f f i c i e n c y  have 
been o b t a i n e d  by us and b y  o t h e r  i n v e s t i g a t o r s .  I t  i s  p lanned 

t o  i n v e s t i g a t e  t h e  c u r r e n t  e f f i c i e n c y  w i t h  t h e  h e l p  o f  t h e  new 
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c e l l  and t o  c o l l e c t  and a n a l y z e  t h e  p r o d u c t s  o f  t h e  r e a c t i o n .  

By t h i s  means i t  shou ld  be p o s s i b l e  t o  o b t a i n  a b e t t e r  under -  

s t a n d i n g  o f  t h e  c h e m i s t r y  i n v o l v e d  i n  t h e  process .  

TWO ASPECTS OF THE INFLUENCE OF DISSOLVED HYDROGEN ON THE 
BEHAVIOR OF I R O N  AND STEEL 
A .  E .  F l a n i g a n  Account No. 448649 

Many problems stem f r o m  t h e  i n t e r a c t i o n  o f  i r o n  w i t h  

hydrogen. As  i s  w e l l  known, t h e  presence o f  d i s s o l v e d  hyd ro -  

gen can e x e r t  u n d e s i r a b l e  e f f e c t s  on  mechanica l  b e h a v i o r .  

I n  some a p p l i c a t i o n s  ( a s  i n  some p r e s s u r e  v e s s e l s ) ,  t h e  d i f -  
f u s i v i t y  o f  hydrogen i s  o f  i n t e r e s t ,  I n  c e r t a i n  processes 

(as  i n  the  coo l  i n g  wh ich  f o l l o w s  h i g h - t e m p e r a t u r e  w e l d i n g ) ,  

t h e  presence o f  hydrogen may even i n f l u e n c e  t h e  phase t r a n s -  

fo rma t ions  wh ich  tend t o  o c c u r .  

The p resen t  work concerns exper imen ta l  i n v e s t i g a t i o n s  

i n  t h e  f o l l o w i n g  a r e a s :  

1 .  The i n f l u e n c e  o f  hydrogen i n  t h e  s t r a i n  a g i n g  o f  

2 .  The i n f l u e n c e  o f  hydrogen on t h e  b a i n i t e  t r a n s -  

I ron.  

f o r m a t i o n  i n  s t e e l .  

Hydroqen and t h e  S t r a i n  Aq inq  o f  I r o n  

I t  has l o n g  been known t h a t  d i s s o l v e d  carbon and 

n i t r o g e n  can produce s t r a i n  a g i n g  i n  i r o n .  Recen t l y ,  i t  has 

appeared t h a t  d i s s o l v e d  hydrogen may a l s o  c o n t r i b u t e  t o  s t r a i n  

a g i n g .  

The NASA suppor t  has a s s i s t e d  t h e  e x t e n s i o n  o f  an i n -  
v e s t i g a t i o n  o f  hydrogen- induced s t r a i n  ag ing .  P r io r  t o  t h e  

suppor t ,  James Kaae, then a Ph.D. c a n d i d a t e  a t  UCLA, had 
o b t a i n e d  some i n t e r e s t i n g  da ta  wh ich  i n d i c a t e d  t h a t  hydrogen, 

i n t r o d u c e d  by e l e c t r o c h e m i c a l  means, c o u l d  c o n t r i b u t e  t o  

s t r a i n  a g i n g  i n  i r o n .  The e x t e n s i o n  i n v o l v e d  s t r a i n - a g i n g  
s t u d i e s  a f t e r  t h e  i n t r o d u c t i o n  o f  hydrogen thermal  l y ,  i . e . ,  

b y  h e a t i n g  i n  a hydrogen atmosphere. Th is  i n v e s t i g a t i o n  
has been completed, and a comple te  d e s c r i p t i o n  i s  i n  t h e  
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Ph.D. d i s s e r t a t i o n  o f  M r .  Kaae. 

D i s s o l v e d  Hydroqen and t h e  B a i n i t e  T rans fo rma t ion  

I n  a recent  M . S .  t h e s i s  by Norman A h l q u i s t  i t  was shown 

t h a t  t h e  presence of  d i s s o l v e d  hydrogen can produce an a c c e l e r a -  

t i o n  o f  t h e  b a i n i t e  t r a n s f o r m a t i o n  i n  s t e e l .  A t h e s i s  p r o j e c t  

o f  ano the r  graduate s tuden t ,  John L i ,  has been i n i t i a t e d  t o  

i n v e s t i g a t e  t h i s  new and i n t e r e s t i n g  d i s c o v e r y .  

I t  has been shown, by means o f  exper imenta l  r e s u l t s ,  t h a t  

t h e  e f f e c t  o f  hydrogen on the  r a t e  o f  t h e  b a i n i t e  t rans forma-  

t i o n  i s  due t o  t h e  d i r e c t  i n f l u e n c e  o f  d i s s o l v e d  hydrogen. 

The e f f e c t  i s  n o t  caused by d e c a r b u r i z a t i o n  produced d u r i n g  t h e  

i n t r o d u c t i o n  o f  hydrogen. 

Other  exper iments have been c a r r i e d  o u t  t o  de termine t h e  

e f f e c t  o f  hydrogen on t h e  r a t e s  o f  n u c l e a t i o n  and growth.  The 

r e s u l t s  a r e  b e i n g  eva lua ted  and analyzed.  

PLASMA RESONANCE I N  S O L I D S  AND MICROWAVE APPLICATIONS 
W. D.  Hershberger Account No. 448645 

The purpose here i s  t o  de termine e x p e r i m e n t a l l y  whether 

plasma resonances may be observed i n  o p t i c a l  1 y -exc i  t e d  semi - 
conductors  ana t o  s tudy  t h e i r  p o s s i b l e  uses i n  o p t i c a l  

modu la t i on  and demodulat ion.  

D isks  o f  low r e s i s t i v i t y  I n  Sb were o rde red  and rece ived  

f o r  t h e  work. A s tudy  of the 1 i t e r a t u r e  on uses made i n  t h e  

p a s t  o f  semiconductors for  m i x i n g  o p t i c a l  and microwave f r e -  

quencies i s  c u r r e n t l y  underway. 

A research  proposa 1 ent  i t 1 ed "Research on  Opt i ca 1 Modu- 

l a t i o n  and Demodulat ion u s i n g  Plasma Resonance i n  Sol i d s "  was 

submi t ted  t o  NASA i n  A p r i l  1965. Two graduate  s tuden ts  w i l l  
be a v a i l a b l e  i n  t h e  f a l l  o f  1965 t o  work i n t e n s i v e l y  on t h e  

p r o j e c t .  
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Q U A N T I Z A T I O N  ERRORS I N  H Y B R I D  COMPUTATIONS 

W .  J. Karp lus  
J. V i d a l  
R.  Wood 

Account No. 448630 

Q u a n t i z a t i o n  i s  t h e  process o f  c o n v e r t i n g  a con t inuous  

ana log  s i g n a l  t o  a d i g i t a l  code work o f  f i n i t e  l e n g t h .  S ince  

t h e  o u t p u t  of  a q u a n t i z e r  can t a k e  on o n l y  a f i n i t e  number 

o f  va lues ,  w h i l e  t h e  i n p u t  i s  con t inuous ,  e r r o r s  i n e v i t a b l y  

r e s u l t .  The e f f i c i e n t  i n t e r c o n n e c t i o n  o f  a n a l o g  and d i g i t a l  
d e v i c e s  demands t h a t  a g i v e n  e r r o r  l e v e l  be m a i n t a i n e d  w i t h  
as  s h o r t  a d i g i t a l  word as p o s s i b l e .  Cur ren t  research  i s  
d i r e c t e d  toward e x t e n d i n g  t h e  t h e o r y  o f  optimum q u a n t i z a t i o n  

fo r  b o t h  s e r i a l l y  c o r r e l a t e d  s i g n a l s  and f o r  independent s i g n a l s .  

I n  p a r t i c u l a r ,  t h e  e f f e c t  upon t h e  o p t i m i z a t i o n  process o f  

b u f f e r i n g  and o f  encoding i s  b e i n g  cons idered.  I t  has been 

shown t h a t  i f  b u f f e r i n g  and encoding are performed, t h e  con- 

v e n t i o n a l  o p t i m i z a t i o n  procedures based on f i x i n g  t h e  number 

o f  l e v e l s  i n  t h e  q u a n t i z e r  do n o t  a p p l y ,  and, i n  f a c t ,  y i e l d  

a p o o r e r  r e s u l t  than s imp le  e q u i - i n t e r v a l  q u a n t i z i n g .  Equat ions  

fo r  t h e  o p t i m i z a t i o n  o f  t h e  q u a n t i z a t i o n  process  i n  t h e  

presence o f  b u f f e r i n g  have been d e r i v e d ,  and some numer ica l  

s o l u t i o n s  computed. Then p r e l i m i n a r y  i n v e s t i g a t i o n s  i n d i c a t e  

t h a t  f o r  Gaussian s i g n a l s  e q u i - i n t e r v a l  q u a n t i z i n g  y i e l d s  

r e s u l t s  ve ry  c l o s e  t o  t h e  optimum. 

I n  a d d i t i o n  t o  t h i s  new e f f o r t ,  research  i s  c o n t i n u i n g  

i n  t h e  u t i l i z a t i o n  o f  s e n s i t i v i t y  c o e f f i c i e n t s  f o r  t h e  c o n t r o l  

and c o r r e c t i o n  of q u a n t i z a t i o n  e r r o r s .  Some r e s u l t s  o f  t h e  

research  were p u b l i s h e d  i n  t h e  f o l l o w i n g  paper :  J. V ida l  and 

W .  J. Karp lus ,  " C h a r a c t e r i z a t i o n  and Compensation o f  Q u a n t i  - 
z a t i o n  E r r o r s ,  I '  I n s t i t u t e  o f  E l e c t r i c a l  and E l e c t r o n i c  Engineers,  

I n t e r n a t i o n a l  Convention, Convent ion Record, P a r t  111, March 

1965, pp.236-241. 

COUPLED WAVEGUIDE ANTENNAS 
E .  H. Kopp Account No. 448636 

The purpose o f  t h i s  research  i s  t o  s t u d y  a new t y p e  o f  

microwave antenna. T h i s  antenna, employ ing  two coup led  

36 



waveguides, i s  a t t r a c t i v e  f o r  app l  i c a t i o n  i n  hi.gh-speed 

v e h i c l e s  such as  superson ic  a i  r c r a f t  and space sate1 1 i t e s  

because o f  i t s  f l a t  r a d i a t i n g  s u r f a c e .  The new antenna 

o f f e r s  promise o f  b o t h  e a s i e r  f a b r i c a t i o n  and more v e r s a t i l e  

app l  i c a t i o n  than e x i s t i n g  types.  F u r t h e r  development shou ld  

perisi i t  t h i s  des ign  t o  be cons idered f o r  microwave radar  o r  

communication systems. 

D u r i n g  t h e  p e r i o d  f rom March 10 (award o f  t h e  g r a n t )  t o  

June 30 ( d u r i n g  wh ich  t i m e  work was on a 1 / 5 - t i m e  b a s i s ) ,  work 

on t h e  p r o j e c t  was pursued a l o n g  t h r e e  l i n e s :  

a )  D issemina t ion  of the  r e s u l t s  o f  t h e  Ph.D. t h e s i s  o f  

b )  Submission o f  a proposal  f o r  more permanent suppor t  

c )  I n v e s t i g a t i o n  of  the  p r o p e r t i e s  o f  square waveguide, 

E .  H. Kopp. 

o f  t h e  research .  

i n  o r d e r  t o  use t h i s  gu ide  as t h e  b a s i c  c o n f i g u r a t i o n  

f o r  f u t u r e  coup led  waveguide antennas.  

The d i s s e r t a t i o n  was rev ised,  submi t ted ,  and accepted  f o r  

p r e s e n t a t i o n  a t  t h e  1965 I n t e r n a t i o n a l  Symposium on Antennas 

and Propagat ion  sponsored by t h e  I n s t i t u t e  o f  E l e c t r i c a l  and 

E l e c t r o n i c s  Engineers, h e l d  i n  Washington, D . C . ,  August 20f 

September 1 ,  1965. A summary w i l l  appear i n  t h e  Symposium 

D i q e s t  and w i l l  c a r r y  t h e  note, "The p r e s e n t a t i o n  o f  t h i s  

paper i s  suppor ted by  NASA under Grant NsG 2 3 7 - 6 2 .  ' I  

F u r t h e r  r e v i s i o n  i s  c o n t i n u i n g ,  and t h e  d i s s e r t a t i o n  
w i l l  be submi t ted  f o r  j o u r n a l  p u b l i c a t i o n  i n  t h e  near  f u t u r e .  

A proposa l  f o r  suppor t  o f  t h e  research  f o r  t h e  1965-66 
academic year has been w r i t t e n  and was submi t ted  t o  t h e  A i r  

Fo rce  Cambridge Research Labora to ry  on June 1 .  AFCRL i s  

p r e s e n t l y  c o n s i d e r i n g  t h i s  p r o p o s a l .  

Square waveguide i s  p a r t i c u l a r l y  a t t r a c t i v e  f o r  t h e  

coup led  waveguide antenna because two waveguide modes may 
be propagated i n  a s i n g l e  s t r u c t u r e  ( t h e  TEIO and TEOl modes 

o f  waveguide t h e o r y ) .  I n  o r d e r  t o  use t h i s  g u i d e  i n  antenna 

des ign ,  i t  i s  necessary t o  have numer ica l  da ta  on a c o u p l i n g  
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c o n f i g u r a t i o n  and a r a d i a t i v e  c o n f i g u r a t i o n  i n  t h i s  waveguide. 

A " j i g "  has been des igned and c o n s t r u c t e d  f o r  o b t a i n i n g  

these data f o r  I'wedge'' coup1 i n g  and f o r  l o n g i t u d i n a l  s l o t  

r a d i a t o r s .  P r e l i m i n a r y  measurements have shown t h a t  a minor  

r e v i s i o n  o f  t h e  j i g  was necessary,  and t h i s  has been completed. 

However, t h e  r e v i s e d  j i g  has n o t  y e t  been t e s t e d .  I f - - a s  

expec ted - - the  j i g  now per fo rms s a t i s f a c t o r i l y ,  t h e  necessary da ta  

shou ld  be eas i  l y  ob ta ined .  These da ta  w i l  1 be i n c l u d e d  i n  t h e  

n e x t  r e p o r t .  

ULTIMATE STRENGTH AND STRESS FIELD OF PLATES AND SHELLS 

UNDER LATERAL PRESSURE AND EDGE COMPRESSION 
T .  H. L i n  
J. E. Tay lo r  

Account No. 448633 

The main o b j e c t  o f  t h i s  research  i s  t o  deve lop  a u n i f i e d  

method t o  ana lyze  s t r u c t u r e s  t o  t h e i r  u l t i m a t e  s t r e n g t h .  By 

means o f  t h e  ana logy  between i n e l a s t i c  s t r a i n  g r a d i e n t s  and 

body fo rces ,  e l a s t i c  s o l u t i o n s  can be used t o  g e t  t h e  c o r -  

responding i n e l a s t i c  s o l u t i o n s .  I n  o u r  p r e v i o u s  work, t h e  

f o l l o w i n g  problems have been so l ved :  

1 )  C i r c u l a r  p l a t e  under l a t e r i a l  l oad  and edqe compression 

2 )  C i r c u l a r  p l a t e  loaded i n t o  p l a s t i c  range under l a t e r a l  

3 )  Bending of r e c t a n g u l a r  p l a t e  w i t h  non-1 i n e a r  s t r a i n g  

non-1 i n e a r  s t r a i n  harden ing  creep.  

load and edqe compression. 

hardening creep.  

Our f u t u r e  p l a n  w i l l  be t h e  ana lyses  o f  i n e l a s t i c  r e c -  

t a n g u l a r  p l a t e s  under  b o t h  l a t e r i a l  l o a d  and edqe compression 

wh ich  a r e  o f  g r e a t  p r a c t i c a l  i n t e r e s t .  We a r e  c u r r e n t l y  

a n a l y z i n g  t h e  p l a s t i c  bend ing  o f  r e c t a n g u l a r  p l a t e  w i t h o u t  

edge compression. 

EFFECTS OF PROTON BOMBARDMENT ON MATERIALS FOR SHIELDING 
AGAiNSi S O i A R  F i A R E S  

J. P. Frankel  Account No. 448604 

An u l t r a p u r e  aluminum t a r g e t  specimen was bombarded w i t h  
12.5-Mev deuterons f o r  300 pA*h .  The specimen was s u f f i c i e n t l y  
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t h i c k  so t h a t  a l l  t h e  hydrogen was t rapped  w i t h i n  i t .  A t  no 

t i m e  d i d  t h e  tempera ture  exceed 300'F. 

X- ray  d i f f r a c t i o n  s t u d i e s  o f  t h e  specimen i n d i c a t e d  t h e  

f o r m a t i o n  o f  a new phase w i t h  t h e  hexagonal s t r u c t u r e  p r e d i c t e d  

fo r  aluminum h y d r i d e  and d spacings which c o i n c i d e  w i t h  those 

g i v e n  f o r  aluminum h y d r i d e  i n  t h e  1 i t e r a t u r e .  Leas t -squares  

a n a l y s i s  o f  21 d i f f r a c t i o n  peaks shows a hexagonal s t r u c t u r e  

w i t h  c / a  = 1 . 5 7  2 0.05, c = 4.55 2 0.08 'A, and a = 2 . 9 0  2 0.05 

'A. 
Th i s  p r o j e c t  has now been completed. 

RESEARCH I N  MOLECULAR RELAXATION PROCESSES A T  LOW 
TEMPERATURES 

E. L .  Knuth Account No. 448604 

Pro fessor  Knuth rece ived i n t e r i m  suppor t  f o r  one month 

p r i o r  t o  r e c e i p t  o f  an NSF g r a n t .  Immediate o b j e c t i v e s  o f  

t h e  p r o j e c t  were t o  measure momentum t r a n s f e r  i n  p a r t i c l e -  

s u r f a c e  c o l l i s i o n s  w i t h  i n c i d e n t - p a r t i c l e  e n e r g i e s  o f  t h e  

o r d e r  o f  one e l e c t r o n  v o l t .  R e s u l t s  would be a p p l i c a b l e  

t o  s t u d i e s  o f  d r a g  o f  s a t e l l i t e s ,  space v e h i c l e s ,  and 

m e t e o r i t e s .  

D E T E R M I N A T I O N  OF THE KNOOP-HARDNESS OF REFRACTORY-METAL 

SINGLE CRYSTALS 
J. P. Neumann Account No. 448634 

The eve r  i n c r e a s i n g  tempera ture  requ i  rements o f  many 
space v e h i c l e s  have made the  r e f r a c t o r y  me ta l s ,  and i n  

p a r t i c u l a r ,  molybdenum and tungs ten ,  a p r i m a r y  t a r g e t  

o f  i n v e s t i g a t i o n s .  One o f  t h e  problems, however, encountered 

i n  t h e  use o f  these m e t a l s  i s  t h e i r  extreme b r i t t l e n e s s  

below room tempera ture .  

T h i s  change i n  t h e  d u c t i l i t y  as  a f u n c t i o n  o f  tempera- 

t u r e  i s  p o s s i b l y  r e l a t e d  t o  t h e  a c t i v e  d i s J o c a t i o n  s l i p  

systems. The s l i p  systems, on t h e  o t h e r  hand, w i l l  de te rm ine  

t h e  Knoop-hardness o f  s i n g l e  c r y s t a l s  a t  room tempera ture .  
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The p r o j e c t  i s  a p i l o t  s tudy  t o  i n v e s t i g a t e  t h e  r e l a t i o n -  

s h i p  between Knoop-hardness, s l i p  systems, and b r i t t l e - d u c t i l e  

t r a n s i t i o n  o f  molybdenum and tungs ten .  

FUEL CELL AND CORROSION RESEARCH 
K.  Nobe 
F .  M. Donahue 

Account No. 448631 

The s tudy  o f  i r o n  d i s s o l u t i o n  i n  deaerated,  a c i d i c  

s o l u t i o n s  i s  a t  t h e  same t i m e  o f  p r a c t i c a l  and fundamental 

impor t .  On the  p r a c t i c a l  s ide ,  t h e  c o r r o s i o n  o f  m a t e r i a l s  

o f  c o n s t r u c t i o n  i s  an economic waste o f  m a t e r i a l  and man- 

power. Fundamental 1 y, i t  o f f e r s  an o p p o r t u n i t y  t o  s t u d y  

a r a t h e r  impor tan t  g e n e r i c  c l a s s  o f  e l e c t r o d e  processes, 

v i z .  those which i n v o l v e  consecu t i ve  e l e c t r o n  t r a n s f e r s  w i t h  

a d s o r p t i o n  o f  e l e c t r o a c t i v e  i n t e r m e d i a t e s .  The anod ic  

d i s s o l u t i o n  o f  i r o n  i n v o l v e s  t h e  s i m p l e s t  t y p e  o f  t h i s  c l a s s  

e l e c t r o a c t i v e  i n t e r m e d i a t e .  Therefore,  a d e t a i  l e d  m e c h a n i s t i c  

s tudy  o f  t h i s  process c o u l d  be used as  a p r o t o t y p e  f o r  t h e  

s t u d y  o f  equal l y  impor tan t  b u t  more complex processes, e .g . ,  

hydrocarbon o x i d a t i o n  ( f u e l  c e l  1 app l  i c a t i o n s ) ,  i n o r g a n i c  

and o r g a n i c  r e a c t a n t s  i n  h i g h  energy b a t t e r i e s ,  and e l e c t r o -  

l y t i c  s y n t h e s i s  o f  process i n te rmed ia tes ,  e .g . ,  a d i p o n i -  

t r i l e ,  e t c .  

By u t i 1  i z i n g  the  t h e o r y  o f  pseudocapaci tance coup led  

w i t h  o u r  knowledge o f  consecu t i ve  e l e c t r o n  t r a n s f e r  r e a c t i o n s ,  

i t  has been p o s s i b l e  t o  e s t i m a t e  t h e  r a t e  c o n s t a n t s  f o r  a l l  

t h e  p e r t i n e n t  k i n e t i c  s teps  f o r  t h e  i r o n  d i s s o l u t i o n .  

U n f o r t u n a t e l y ,  a q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  hydrogen 

e v o l u t i o n  r e a c t i o n  ( t h e  r e d u c t i o n  process o c c u r r i n g  d u r i n g  

t h e  c o r r o s i o n  o f  m e t a l s  i n  deaerated,  a c i d i c  s o l u t i o n s )  was 

n o t  p o s s i b l e .  Q u a l i t a t i v e l y ,  however, i t  was found t o  

be dependent upon e l e c t  rode pseudocapaci tance (due t o  

adsorbed FeOH), r e s i d u a l  s t r e s s  i n  t h e  me ta l ,  and i m p u r i t y  
c o n t e n t  o f  t h e  me ta l .  

A q u a n t i t a t i v e  t h e o r y  of  t h e  s t r u c t u r e  c o r r o s i o n  
i n h i b i t i o n  r e l a t i o n s h i p  f o r  o r g a n i c  compounds i s  one of  t h e  
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more c h a l l e n g i n g  problems f a c i n g  t h e  c o r r o s i o n  s c i e n t i s t .  

A s  a f i r s t  s t e p  towards t h i s  goa l ,  a t h e o r y  has been 

developed and v e r i f i e d  by experiment ( w i t h  s u b s t i t u t e d  

a n i l i n e s )  and by a b s t r a c t i n g  p e r t i n e n t  da ta  f r o m  t h e  

l i t e r a t u r e .  The development i s  p r e d i c a t e d  on t h e  use o f  

l i n e a r  f r e e  energy r e l a t i o n s h i p s  (LFER), e.g., t h e  Hammett 

R e l a t i o n .  

S T U D I E S  I N  SPACECRAFT DYNAMICS--Sate l l i te  S t a b i l i t y  S t u d i e s  

R. E, Roberson 
Jens- W i  t t e n b u r g  

Account No. 448639 

I. I n t r o d u c t i o n  

I n  June o f  1964 i n v e s t i g a t i o n s  began i n  t h e  Eng ineer ing  

Department on t h e  Dynamics o f  N o n - r i g i d  Sate1 1 i t e s  under t h e  

sponsorsh ip  o f  t h e  Space Science Center, w i t h  P ro fesso r  R .  E. 

Roberson as  p r i n c i p a l  i n v e s t i g a t o r .  These s t u d i e s  have r e s u l t e d  

i n  what i s  cons ide red  a genuine c o n t r i b u t i o n  t o  t h e  s u b j e c t ,  i n  

t h e  form o f  a new fo rma l i sm f o r  t h e  dynamical e q u a t i o n s  o f  a 

system c o n s i s t i n g  o f  an a r b i t r a r y  number o f  i n t e r c o n n e c t e d  

r i g i  d bod ies .  

W i t h i n  t h e  scope and fund l i m i t a t i o n s  o f  t h e  o r i g i n a l  

s tudy,  i t  has n o t  been p o s s i b l e  t o  e x p l o r e  t h e  imp1 i c a t i o n s  

o f  t h i s  new fo rma l i sm.  This  i s  p r i m a r i l y  because t h e  d i r e c t i o n  

o f  t h e  i n v e s t i g a t i o n s  g r a d u a l l y  s h i f t e d  f r o m  t h e  o r i g i n a l  

i n t e n t  o f  t h e  p r i n c i p a l  i n v e s t i g a t o r ,  and t h e  r e s u l t s  

ment ioned were o b t a i n e d  o n l y  a f t e r  t h e  b u l k  of t h e  o r i g i n a l  s t u d y  

had been completed.  Never the less ,  i t  i s  a n t i c i p a t e d  t h a t  

t hese  r e s u l t s  w i l l  make p o s s i b l e  i m p o r t a n t  advances i n  s t u d i e s  

o f  t h e  dynamic b e h a v i o r  o f  complex systems o f  r i g i d  bod ies  

o f  a t y p e  p a r t i c u l a r l y  i n t e r e s t i n g  f o r  p a s s i v e  a t t i t u d e  

s t a b i l  i z a t i o n .  But t h e  n a t u r e  o f  t h e  problems wh ich  can 

and shou ld  be a t t a c k e d  w i t h  t h i s  fo rma l i sm as a t o o l  must 

be though t  o u t  a t  some l e n g t h  and much more c a r e f u l  l y  d e f i n e d  

b e f o r e  i t  i s  reasonable t o  seek separa te  o u t s i d e  suppor t  f o r  

f u  r t  her  i nves t  i g a t  i on. 

There fore ,  i t  i s  hereby proposed t h a t  t h e  o r i g i n a l  
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funds be gran ted  f o r  t h i s  purpose. The s p e c i f i c  goal  o f  t h i s  

ex tens ion  can be s t a t e d  c o n c i s e l y  a s :  "To d i s c o v e r  some o f  t h e  

p r a c t i c a l  uses t o  wh ich  t h i s  new t o o l  m i g h t  be p u t  and t o  de- 

f i n e  s p e c i f i c  problems o f  p r a c t i c a l  i n t e r e s t  f o r  whose t r e a t -  

ment i t  holds promise . "  The achievement o f  t h i s  goa l ,  o f  course,  

w i  1 1  p r o v i d e  s u b s t a n t i a l  grounds f o r  subsequent1 y seek ing  * 

o u t s i d e  suppor t  f o r  t h e  f u t u r e  p r o s e c u t i o n  o f  such problems. 

The t i m e  p e r i o d  o f  t h e  proposed e x t e n s i o n  i s  1 June 

1965-31 May 1966, t h e  b u l k  o f  t h e  work t o  be done i n  t h e  

p e r i o d  1 June-1 September 1965. A proposed t i t l e  f o r  t h e  

extended s tudy  i s  "The Dynamics o f  O r b i t i n g  M u l t i - B o d y  

Systems. 

I t  should be unnecessary t o  dwe l l  here on t h e  i m p l i c a -  

t i o n s  o f  t h e  d e s i r e d  r e s u l t s .  I t  shou ld  be c l e a r  t h a t  t h e y  

w i l l  a p p l y  t o  a c l a s s  o f  systems which c u r r e n t l y  a r e  o f  v e r y  

g rea t  i n t e r e s t  and which w i l l  remain i n  t h e  f o r e f r o n t  o f  

American a s t r o n a u t i c a l  developments f o r  an extended p e r i o d .  

I t  f o l l o w s  t h a t  t h e  e f f o r t  i s  a l o n g  l i n e s  which have h i g h  

p o t e n t i a l  f o r  con t inued  suppor t  by  t h e  N a t i o n a l  Ae ronau t i cs  

and Space A d m i n i s t r a t i o n ,  w i t h  a l l  o f  t h e  b e n e f i t s  i m p l i e d  

by t h i s  suppor t  t o  ou r  program o f  U n i v e r s i t y  research  and 

graduate  educat ion .  

I I .  Techn i ca 1 Proposa 1 

I t  i s  expected t h a t  a s p e c i f i c  p l a n  o f  i n v e s t i g a t i o n  

w i l l  be d e f i n e d  f u l l y  d u r i n g  t h e  p e r i o d  15 A p r i l - 1  June 

1965. A t  t h i s  t ime ,  however, i t  i s  p o s s i b l e  t o  remark 

i n  genera l  terms on t h e  d i r e c t i o n s  which a r e  f e l t  t o  be o f  

p a r t i c u l a r  i n t e r e s t  and which a r e  l i k e l y  t o  be s t r e s s e d  

d u r i n g  t h e  summer p e r i o d .  

One ques t i on  r e l a t e s  t o  t h e  genera l  problem o f  e x i s t e n c e  
and s t a b i l i t y  o f  e q u i l i b r i u m  c o n f i g u r a t i o n s  o f  comp l i ca ted  

s y s t e m s  c f  bed ies .  \,!hether o r  not  the  new fo rmal  i s m  w i  i i 
m a t e r i a l l y  a s s i s t  i n  t h e  t rea tmen t  o f  such problems i s  n o t  ye t  
e n t i r e l y  c l e a r ,  b u t  p r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  i t  may. 
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Even more con f idence  can be p laced  i n  t h e  a p p l i c a b i l i t y  

o f  t h e  fo rma l i sm t o  s tudy  the t r a n s i e n t  and s teady s t a t e  be- 

h a v i o r  i n  smal l  neighborhoods o f  known e q u i l i b r i a .  Fo r  t h e  

f i r s t  t ime,  i t  may be p o s s i b l e  t o  make some v e r y  genera l  s t a t e -  

ments about  such behav io r  w i t h o u t  r e f e r e n c e  t o  t h e  s p e c i f i c  

c o n f i g u r a t i o n  o f  a p h y s i c a l  system, b u t  mere l y  w i t h  re fe rence  

t o  c h a r a c t e r i s t i c s  o f  a whole c l a s s  o f  systems. F o r  example, 

a h a l f  dozen o r  more a c t u a l  mechan iza t ions  have been proposed 

i n  t h e  1 i t e r a t u r e  f o r  passive1 y s t a b i  1 i z e d  g r a v i t y  g r a d i e n t  

s a t e l l i t e s  c o n s i s t i n g  o f  a main v e h i c l e ,  one o r  two damping 

p a r t s ,  and perhaps a d d i t i o n a l  p a r t s  such a s  p i t c h  s t a b i  1 i t y  

augmentat ion wheels. I t  i s  c o n j e c t u r e d  t h a t  i t  i s  p o s s i b l e  

t o  choose parameters f o r  h inge s p r i n g  and damping to rque  such 

t h a t  t h e  dynamic response behav io r  o f  a l l  o f  these systems i s  
i n  some sense e q u i v a l e n t .  I t  w i l l  be a t a s k  o f  t h e  s t u d y  t o  

a t t e m p t  a r a t i o n a l  s p e c i f i c a t i o n  o f  equ iva lence  i n  t h i s  sense 

and t o  e x p l o r e  t h e  p o s s i b l e  t r u t h  o f  t h e  c o n j e c t u r e .  I f  r e s u l t s  

can be g o t t e n  on t h i s  problem, i t  w i l l  have sweeping imp1 i c a -  

t i o n s  t o  t h e  p r a c t i c a l  des ign o f  p a s s i v e l y  s t a b i l i z e d  systems: 

i t  w i l l  mean t h a t  t h e  s p e c i f i c s  o f  a c o n f i g u r a t i o n  des ign  

shou ld  be determined s o l e l y  by p h y s i c a l  des ign  convenience o r  

by o p e r a t i o n a l  f a c t o r s  o t h e r  than  those r e l a t i n g  t o  t h e  dynap ic  

response o f  t h e  v e h i c l e ,  s ince  e f f e c t i v e l y  t h e  same response 
can be o b t a i n k d  by any o f  a l a r g e  c l a s s  o f  systems. 

Undoubtedly o t h e r  p o s s i b l e  problems w i l  1 p resen t  them- 

se l ves  as f u r t h e r  thought  i s  g i v e n  t o  t h e  q u e s t i o n .  A t  t h e  

moment, t h e  a b i  1 i t y  t o  deal  w i t h  such complex systems o u t s i d e  

a v e r y  s p e c i f i c  c h o i c e  o f  v e h i c l e  s t r u c t u r e  i s  so new t h a t  

n o t  a l l  o f  i t s  i m p l i c a t i o n s  have been a p p r e c i a t e d .  

P ro fesso r  Rober t  E .  Roberson w a s ' a s s i s t e d  i n  h i s  research  
by M r . .  Jens W i  t t e n b u r g .  

S T U D I E S  OF THE D Y N A M I C S  OF N O N - R I G I D  SATELLITES 

R.  E. Roberson Account No. 448640 

As o r i g i n a l l y  proposed, t h i s  i n v e s t i g a t i o n  was in tended  

t o  be d i r e c t e d  s o l e l y  toward s a t e l l i t e s  d y n a m i c a l l y  modeled as 
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o r b i t i n g  cont inuum. Dur ing  i t s  course,  t h e  focus  g r a d u a l l y  

s h i f t e d  because o f  l i t e r a t u r e  d i r e c t l y  a p p l i c a b l e  t o  t h e  p r o -  

posed problem, which inc reased t h e  requ i  rements f o r  background 

s tudy  and p r e p a r a t o r y  spade work f a r  beyond t h e  l e v e l  o r i g i n a l  

contemplated b y  t h e  p r i n c i p a l  i n v e s t i g a t o r .  A second p ressu re  
Y 

a rose  f rom t h e  h i g h  l e v e l  o f  c u r r e n t  i n t e r e s t  i n  p r a c t i c a l  systems 

c o n s i s t i n g  of l a r g e  numbers o f  i n t e r c o n n e c t e d  r i g i d  bod ies .  

A system of  t h e  l a t t e r  t y p e  i s  c e r t a i n l y  n o n - r i g i d ,  and f a l l s  

w i t h i n  t h e  scope o f  t h e  s tudy  even though i t  i s  n o t  p r e c i s e l y  

t h e  t y p e  o r i g i n a l l y  contemplated.  

. 

Dur ing  t h e  i n v e s t i g a t i o n ,  t h e r e f o r e ,  a t t e n t i o n  t u r n e d  i n -  

c r e a s i n g l y  toward t h e  problem o f  s e t s  o f  r i g i d  bod ies .  The 

founda t ions  o f  t h i s  s u b j e c t  were p r e v i o u s l y  w e l l  e s t a b l i s h e d ,  

and p r a c t i c a l  techn iques  f o r  t r e a t i n g  them e x i s t e d  f o r  systems 

c o n s i s t i n g  o f  two r i g i d  bod ies .  The b a s i c  techn iques  f o r  t h e  

dynamic s i m u l a t i o n  i n  t h i s  s p e c i a l  case were bes t  o u t l i n e d  by 

F l e t c h e r ,  Rongeved, and Yu i n  t h e i  r we1 1-known paper "Dynamics 
A n a l y s i s  o f  a Two-Body G r a v i t a t i o n a l l y  O r i e n t e d  S a t e l l i t e , ' '  

Bel 1 S y s t e m  Tech. J. ,  42 (1963),  2239-2266. However, analogous 

techniques f o r  more comp l i ca ted  systems o f  bod ies  had n o t  been 

developed, and i t  was recognized g e n e r a l l y  t h a t  t h e  mathemat ica l  

f o rma l i sm necessary t o  t r e a t  more complex systems i n  a s y s -  

t e m a t i c  f a s h i o n  would be r a t h e r  compl ica ted ,  even though based 

upon known p r i n c i p l e s .  The p r i n c i p a l  i n v e s t i g a t o r  s e t  h i m s e l f  

t h e  problem o f  deve lop ing  such a fo rmal ism.  

These e f f o r t s  have been e n t i  r e l y  s u c c e s s f u l .  An i n t e r -  

connected s e t  o f  r i g i d  bod ies  o f  a lmost  c o m p l e t e l y  genera l  

s t r u c t u r e  has been considered,  s u b j e c t  t h u s  f a r  t o  o n l y  two 

1 i m i t a t i o n s :  F i r s t ,  t h e  s t r u c t u r e  o f  t h e  i n t e r c o n n e c t i o n  i s  

l i m i t e d  t o  a t o p o l o g i c a l  t r e e  (wh ich  covers a lmost  eve ry  

s i t u a t i o n  o f  p r a c t i c a l  i n t e r e s t ) ;  second, i t  i s  r e q u i r e d  t h a t  

each cont iguous  p a i r  o f  bod ies  have a common p o i n t .  The 
l a t t e r  requirement r u l e s  o u t  o n l y  s i t u a t i o n s  i n  which con- 

t h e  TRAAC t y p e  g r a v i t y  g r a d i e n t  a t t i  tude  s t a b i  1 i z a t i o n  method. 

t i q u o u s  bodies a r e  f r e e  t o  wander awzy f r m  CRP, anether  a s  i n  

Thus 

resu 
deve 

~~ -~ 

t h e  second requi rement  does l i m i t  t h e  g e n e r a l i t y  o f  t h e  

t s  t o  a modest degree, b u t  t h e  f o r m a l i s m  wh ich  has been 
oped has a good p rospec t  f o r  l a t e r  g e n e r a l i z a t i o n  t o  
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cover  t h i s  e x c e p t i o n a l  case. The r e s u l t s  o f  t h e  work a r e  

now be ing  i n c o r p o r a t e d  i n t o  a paper, "Dynamical Formal i s m  f o r  

an A r b i t r a r y  Number o f  I n te rconnec ted  R i g i d  Bodies, w i t h  

Reference t o  t h e  Problem o f  S a t e l l i t e  A t t i t u d e  C o n t r o l . "  

The i d e n t i c a l  problem has been a t t a c k e d  i n  t h e  meantime 

by W. Hooker and G. Margu l ies  o f  t h e  P h i l c o  Corpora t ion ,  w i t h  

whom t h e  p r i n c i p a l  i n v e s t i g a t o r  has worked c l o s e l y ,  and 

c l o s e l y  comparable r e s u l t s  have been o b t a i n e d  b y  them. However, 
t h e  methodology and v iewpo in t  used i n  t h e  c o n s t r u c t i o n  of t h e  

f o r m a l i s m  by  those i n v e s t i g a t o r s  and by Roberson i n  t h e  p resen t  

s t u d y  a r e  q u i t e  d i f f e r e n t  and serve  t o  i l l u m i n a t e  t h e  problem 

f rom d i s t i n c t  p o i n t s  o f  view. There seems no doubt t h a t  t h e i r  

r e s u l t s  a r e  i ndependen t l y  pub1 i s h a b l e .  The essence o f  Roberson 's  

approach i s  t o  e s t a b l i s h  a t  t h e  o u t s e t  a connec t ion  m a t r i x  f o r  

t h e  system, a m a t r i x  wh ich  e s t a b l i s h e s  a r e l a t i o n s h i p  between 

t h e  enumerat ion of c o n s t i t u e n t  bod ies  and t h e  enumerat ion o f  

common p o i n t s  between bodies.  I n  c o n j u n c t i o n  w i t h  t h e  i n t r o -  

d u c t i o n  o f  c e r t a i n  m a t r i c e s  whose components a r e  themselves 

v e c t o r s  o f  dyad ics ,  t h e  connect ion  m a t r i x  p e r m i t s  a s imp le  and 

compact approach t o  t h e  o t h e r w i s e  c h a o t i c  e l  i m i n a t i o n  problems 

which beset  any a t tempt  t o  reduce t h e  dynamical  d e s c r i p t i o n  t o  

a p u r e l y  r o t a t i o n a l  s e t  o f  v a r i a b l e s .  

The consequences o f  the newly developed fo rma l i sm have n o t  

ye t  been exp lo red ,  and i t  i s  n o t  expected t o  be a b l e  t o  e x p l o r e  

them d u r i n g  t h e  te rm of  t h e  e x i s t i n g  s tudy  sponsored by t h e  

Space Science Center.  I t  i s  f e l t ,  however, t h a t  t h e  a b i  1 i t y  t o  

rep resen t  t h e  dynamical  d e s c r i p t i o n  of  extreme1 y compl i c a t e d  
systems o f  bod ies  w i t h i n  the framework o f  such a s imp le  fo rma l i sm 

w i l l  make i t  p o s s i b l e  t o  a t t a c k  problems o f  g r e a t  p r a c t i c a l  

i n t e r e s t  which h e r e t o f o r e  have been obscured by t h e  sheer mass 

of  n o t a t i o n  r e q u i r e d  f o r  t he i  r d e s c r i p t i o n .  

FLUID MECHANICAL PROPERTIES OF LOW D E N S I T Y  GAS FLOWS 
N. R o t t  
C .  Y. K i u  

Account No. 448638 

D r .  M. O b e r a i ' s  a r t i c l e  on t h e  shock-wave s t r u c t u r e  i n  a 

b i n a r y  m i x t u r e  has been p u b l i s h e d  i n  t h e  May 1965 i s s u e  o f  

45 



Physics o f  F l u i d s .  He has, s i n c e  t h e  d a t e  o f  submiss ion o f  

t h e  l a s t  r e p o r t ,  completed a r e p o r t  e n t i t l e d  " K i n e t i c  Theory 

Approach t o  t h e  Study o f  a Curved Shock-Wave." Th is  s tudy  i s  
an ex tens ion  o f  Mo t t -Smi th  method t o  t h e  problem o f  shock- 

wave i n  a f l o w  a t  r e l a t i v e l y  low Reynolds number so  t h a t  t h e  

shock-curva ture  and shock - th i ckness  e f f e c t s  have t o  be taken 

i n t o  account .  The r e p o r t  i n c l u d e s  z e r o - o r d e r  shock s t r u c t u r e ,  

d i s c u s s i o n  on t h e  r o l e  o f  a r b i t r a r y  a d d i t i v e  cons tan t  i n  t h e  

ze ro -o rde r  s o l u t i o n ,  m o d i f i e d  shock -cond i t i ons ,  and t h e  s o l u t i o n  

o f  t h e  f i r s t - o r d e r  shock s t r u c t u r e .  I t  was o r i g i n a l l y  pub1 ished 

as Department o f  Eng ineer ing  (UCLA) r e p o r t  No. 6 5 - 2 7  and has 

now been brought  o u t  by NASA a s  TN 2858. D r .  Oberai has a l s o  

se t  up a c r i t e r i o n  f o r  d e t e r m i n i n g  t h e  M o t t - S m i t h  d i s t r i b u t i o n  

wh ich  bes t  ( i n  t h e  sense o f  t h e  l e a s t  square method) a p p r o x i -  

mates s o l u t i o n  o f  a k i n e t i c  equa t ion .  He proposes t o  g i v e  

e x p l i c i t  c a l c u l a t i o n s  f o r  t h e  case when t h e  Mach number i s  

i n f i n i t e .  A s  h i s  appointment w i t h  NASA has been te rmina ted ,  t h i s  

s tudy  w i l l  be completed and p u b l i s h e d  a t  a l a t e r  d a t e .  

FILAMENT-MATRIX STRUCTURES 

M. F .  Rub ins te in  
R.  McKee 

Account No. 448643 

S t r u c t u r e s  made up o f  f i laments embedded i n  a m a t r i x  o f  

lower  s t r e n g t h  (such as r e i n f o r c e d  c o n c r e t e )  o f t e n  have much 

b e t t e r  mechanical p r o p e r t i e s  than e i t h e r  component a l o n e .  

The purpose o f  t h i s  research  i s  t o  improve o u r  knowledge o f  t h e  
cause o f  these improvements. 

I 

I 
An examinat ion o f  l i t e r a t u r e  i n  t h e  f i e l d  has shown t h a t  

t h e  s t r e n g t h  o f  f i n e  f i laments ( p a r t i c u l a r 1  y g l a s s  f i l a m e n t s )  

and some o f  t h e  e l a s t i c  p r o p e r t i e s  o f  s imp le  composi tes can 

be adequate1 y e x p l a i n e d  by c u r r e n t  t h e o r i e s .  However, no c 

s a t i s f a c t o r y  model has been syn thes i zed  f o r  t h e  f r a c t u r e  s t r e s s  

of  t h e  s imp les t  k i n d  o f  c o m p o s i t e - p a r a l l e l ,  c l o s e l y  packed 
f i b e r s  i n  a s o f t  m a t r i x .  The f r a c t u r e  s t r e s s  f o r  such corn- 

p o s i t e s  l i e s  between t h a t  cor respond ing  t o  a l oose  bund le  o f  
f i l a m e n t s  and t h e  average o f  t h e  f r a c t u r e  s t r e s s e s  o f  t h e  

i n d i v i d u a l  f i l a m e n t s .  I n  t h e  former model, each f i b e r  breaks 
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a t  i t s  weakest p o i n t ,  u n t i l  t h e  remain ing f i b e r s  can no l onger  

suppor t  t h e  load,  A p r o b a b i l i s t i c  model f o r  f r a c t u r e  i s  b e i n g  

developed, w i t h  exper imenta l  suppor t ,  t o  agree w i t h  t h e  ob- 

served f a c t  t h a t  f r a c t u r e  paths run p a r t l y  t h rough  f i b e r s  

and p a r t l y  on t h e  i n t e r f a c e  between f i b e r  and m a t r i x .  

T h i s  model d e a l s  w i t h  the  d i s t r i b u t i o n  o f  weakest p o i n t s  
i n  t h e  f . i be rs ,  and a t tempts  t o  d e s c r i b e  t h e  s t r e s s  d i s t r i b u -  

t i o n  su r round ing  a s i n g u l a r i t y  i n  a non-homogeneous medium. 

DEVELOPMENT OF FAR I N F R A R E D  TECHNOLOGY 
T.  F .  Tao Account No. 448644 

B r i e f  D e s c r i p t i o n  o f  This  Study 

By f a r  i n f r a r e d ,  we a re  r e f e r r i n g  t o  t h e  e l e c t r o m a g n e t i c  

waves i n  t h e  spectrum between t h e  microwave and i n f r a r e d .  The 

energy o f  t h e  r a d i a t i o n s  i n  t h i s  spectrum a v a i l a b l e  today i s  

ex t reme ly  weak. The success o f  a s tudy  depends v e r y  much on 

t h e  a v a i l a b i l i t y  o f  an u l t r a s e n s i t i v e  d e t e c t o r .  I n  t h e  l a s t  

decade, severa l  low temperature d e t e c t o r s  have been developed 

w h i c h - a l l o w e d  c o n s i d e r a b l e  progress i n  t h i s  f i e l d .  Most o f  

these d e t e c t o r s  a r e  bolometers which have r e l a t i v e l y  s low r e -  

sponse t ime  o f  t h e  o r d e r  o f  m i l l i s e c o n d s .  There a r e  severa l  

f a s t - r e s p o n s e  quantum pho tode tec to rs  u s i n g  doped semiconductors 

wh ich  can d e t e c t  waves o f  wavelength up t o  one o r  two hundred 

mic rons .  A t  l onger  wavelengths, t h e r e  e x i s t s  o n l y  one photo-  

d e t e c t o r ,  t h e  P u t l e y  d e t e c t o r  wh ich  i s  made o f  a h i g h  p u r i t y  

n - t y p e  InSb, coo led  below 4.2'K and sub jec ted  t o  a magnet ic  

f i e l d .  

Th is  s tudy  t r i e s  t o  use t h e  energy gap o f  a superconductor  

( o f  t h e  o r d e r  o f  ze ro  t o  e . v . )  t o  d e t e c t  r a d i a t i o n s  f rom 

100 m ic ron  up t o  t h r e e  o r  f o u r  thousand mic rons .  I t s  response 

t i m e  shou ld  be o f  t h e  o rde r  o f  microseconds. 

Proq ress 

Dur ing  t h e  l a s t  per iod ,  t h e  f o l l o w i n g  p rog ress  has been 
made: 

1 .  Low Temperature F a c i l i t i e s :  The Roots b lower  a r -  
r i v e d  i n  A p r i l .  The he l ium c r y o s t a t  system i s  now completed 
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and tes ted .  The t o t a l  pumping c a p a c i t y  i s  a p p r o x i m a t e l y  320 

cfm. Wi th moderate he1 ium evapora t i on ,  t h e  lowest  tempera ture  

reached i s  1.02'K. 

2. Th in F i l m  F a c i l i t i e s :  We have added a Sloan m i c r o -  

ba lance t o  measure t h e  t h i c k n e s s  o f  t h i n  f i l m  d u r i n g  e v a p o r a t i o n .  
I 

3.  Far  I n f r a r e d  F a c i l i t i e s :  The o p t i c a l  des ign  o f  a 

Czerny-Turner g r a t i n g  monochromator was completed around A p r i  1 .  
C o n s t r u c t i o n  b y  o u r  own machine shop was s t a r t e d  and i s  s t i l l  
c o n t  i nu ing.  

Cur r e n t  Pro j e c t  s 

Three p r o j e c t s  a r e  i n  p rogress .  

1 .  C o n t i n u a t i o n  o f  monochromator c o n s t r u c t i o n .  

2. Study o f  t h e  I - V  c h a r a c t e r i s t i c s  o f  b o t h  t h e  semi- 
conductor -superconductor  j u n c t i o n s  and semiconductor-  i n s u l a t o r -  

superconductor sandwiches. They a r e  t h e  p r e l  i m i n a r y  s t u d i e s  
b e f o r e  we deve lop  t h e  superconduct ing  pho tode tec to r .  

3 .  Convent ional  Czerny-Turner  monochromator uses two 

i d e n t i c a l  s p h e r i c a l  m i r r o r s .  Our des ign  a l s o  adopted t h i s  

arrangement. Th i s  summer, we a r e  s t u d y i n g  i f  two e l l i p -  

s o i d a l  m i r r o r s  can be used t o  reduce t h e  as t i gmat i sm.  

SPIN-LATTICE RELAXATION T I M E  MEASUREMENT I N  LASER-MASER 
MATERIALS 

C.  R. Viswanathan Account No. 448646 

The p r o j e c t  concerns i t s e l f  w i t h  s tudy  o f  t h e  s p i n - l a t t i c e  
r e l a x a t i o n  process i n  paramagnet ic m a t e r i a l s  t h a t  a r e  used 

i n  l a s e r s  and masers. The o b j e c t i v e  i s  t o  unders tand b e t t e r  

t h e  r e l a x a t i o n  process and a l s o  t o  search f o r  new l a s e r -  
maser m a t e r i a l  s .  

The r e l a x a t i o n  t i m e  i s  measured b y  two independent 
i i iethods: i4icrowave s i g n a l  method and o p t i c a l  d e t e c t i o n  method. 

The o v e r a l l  exper imenta l  arrangement i s  comprised m a i n l y  o f  

magnet system, c r y o g e n i c  system, microwave system, e l e c t r o n  i c 



system, and o p t i c a l  system. 

A Var ian 8 - i n c h  e lect romagnet  was m o d i f i e d  f o r  use 

i n  t h i s  p r o j e c t .  A t  t h e  present  t i m e  homogeneity measurements 

a r e  b e i n g  made, Some t e s t s  have been made on t h e  o v e r a l l  

s t a b i  1 i t y  o f  t h e  magnet a s  we1 1 as  t h a t  o f  t h e  magnetometer 

t h a t  i s  used f o r  measurement o f  t h e  magnet ic  f i e l d .  

I n  o r d e r  t o  ach ieve  low tempera ture  i t  i s  necessary n o t  
o n l y  t o  house t h e  sample i n  a he l i um dewar b u t  a l s o  t o  pump 

on t h e  he l i um t o  o b t a i n  temperatures lower  than t h e  b o i l i n g  

p o i n t  o f  he l ium.  A s p e c i a l  dewar was des igned i n  which t h e  

sample c o u l d  be housed i n s i d e  a microwave c a v i t y  and a l s o  op-  

t i c a l l y  i l l u m i n a t e d .  A c o n t r o l  panel  t o  r e g u l a t e  t h e  pumping 

speed and t o  read t h e  temperature o f  t h e  sample has been 

f a b r i c a t e d .  The whole s y s t e m  has been t e s t e d  and found t o  

be s a t i s f a c t o r y .  

Microwave and o p t i c a l  system components have been 

ob ta ined ,  as  w e l l  as those f o r  t h e  e l e c t r o n i c  system. The 

r e l a x a t i o n  t i m e  measurement w i  1 1  be c a r r i e d  o u t  by photo-  

g raph ing  t h e  s i g n a l  t r a c e  on t h e  screen o f  t h e  o s c i l l o s c o p e .  

The chemicals  f o r  growing t h e  c r y s t a l  samples have 

been ob ta ined .  The magnet ic homogeneity measurement i s  b e i n g  

completed and micrwwave, and e l e c t r o n i c  systems have beer! 

i n t e r c o n n e c t e d  and some c r y s t a l  samples grown. 

Measurements o f  t h e  s p i n - l a t t i c e  r e l a x a t i o n  t i m e  
o f  v a r i o u s  samples under va r ious  exper imenta l  c o n d i t i o n s  w i  1 1  
compr ise t h e  remainder of the p r o j e c t .  

CAPILLARY-PRESSURE AS F U N C T I O N  O F  LIQUID SATURATION 

I N  POROUS M E D I A  
W .  D. Van Vors t  Account N o .  448648 

Capi 1 l a r y - p r e s s u r e  g r a d i e n t s  i n  porous media may o f f e r  
a means o f  c o n t r o l l i n g  f l u i d  f l o w  i n  a g r a v i t y - f r e e  env i ronment .  

I n  energy convers ion  c y c l e s  i n v o l v i n g  two phases (such as 

condensers and b o i l e r s ) ,  t h e  g r a v i t a t i o n a l  f o r c e  i s  re1 i e d  upon 

t o  e f f e c t  t h e  d e s i r e d  separa t i on .  Where t h i s  f o r c e  i s  neg- 

l i g i b l e ,  o t h e r  means must be sought, and t h e  behav io r  o f  



1 i q u i d s  i n  c a p i l l a r i e s  may make such s e p a r a t i o n s  p o s s i b l e  and 

p r a c t i c a l .  Knowledge o f  t h e  c a p i l l a r y  p r e s s u r e  w i l l  be o f  p r ime  

A paper e n t i t l e d  "Mass T r a n s f e r  Method o f  Measuring 
Wall  Shear S t r e s s "  i s  t o  be p u b l i s h e d  i n  t h e  Journal  o f  

Phys ics o f  F l u i d s .  Authors  a r e  A.  R. Wazzan, M. S .  King, and 
A .  Almediah. The a b s t r a c t  f o l  lows. 

A b s t r a c t  

a t  2 5 O C  i n  t h e  compos i t i on  range 0 t o  80% manganese u s i n g  
u l t r a s o n i c  p u l s e  techniques.  Us ing  a v a l u e  o f  1 / 3  f o r  

P o i s s o n ' s  r a t i o  i n  the  a l l o y s ,  t h e  observed va lues  f o r  t h e  

v e l o c i t i e s  a r e  used t o  compute t h e  co r respond ing  va lues  o f  

t h e  dynamic e l a s t i c  modul i  E .  The d i l a t a t i o n a l  wave 

v e l o c i t i e s ,  rang ing  f rom 5638 m/sec i n  n i c k e l  t o  3792 m/sec 
i n  t h e  a l l o y  w i t h  80% Mn and t h e  co r respond ing  e l a s t i c  
modu l i ,  ranging f rom 19350 t o  7570 Kg/mm , a r e  found, a lmos t  

1 i nea r l  y, t o  decrease w i  t h  i ncreas i ng manganese c o n t e n t  
o v e r  t h e  compos i t ion  range 0 t o  40% Mn; t o  i n c r e a s e  o v e r  

t h e  range 40 t o  50% Mn; and then t o  decrease a g a i n  o v e r  t h e  

range 50 to  80% Mn. The i n c r e a s e  i n  t h e  e l a s t i c  modulus 
w i t h  % Mn ove r  t h e  range 40 t o  50% Mn i s  a s s o c i a t e d  w i t h  t h e  

f o r m a t i o n  o f  t h e  h i g h l y  o rde red  NiMn ( 6 )  phase w i t h  a bcc 

c r y s t a l  s t r u c t u r e .  The v a r i a t i o n  of  V and E w i t h  % Mn i n  
t h e  range o f  60 t o  80% Mn i s  found t o  be an e x t e n s i o n  o f  

D i l a t a t i o n a l  wave v e l o c i t i e s  i n  Ni-Mn a l l o y s  a r e  measured 

2 

50 

i ~ ~~ 

I importance. 

An exper imenta l  i n v e s t i g a t i o n  o f  c a p i l l a r y  p ressu re  

r e l a t i o n s h i p s  i n  porous media has been under taken.  I t  i s  

f e l t  t h a t  t h e  gamma ray  a t t e n u a t i o n  techn ique  can be employed 

t o  de termine t h e  1 i q u i d  s a t u r a t i o n .  The cap i  1 l a r y  p ressu re  

per  se can be de termined u s i n g  a d r a i n a g e  techn ique  which 

i s  e q u i v a l e n t  t o  measur ing t h e  "capi 1 I a r y - r i s e 1 '  i n  a capi  1 l a r y .  

P a r t i c l e  s i z e  o f  t h e  porous medium and s u r f a c e  t e n s i o n  o f  t h e  

l i q u i d  w i l l  be v a r i e d  s u b s t a n t i a l l y ,  and a c o r r e l a t i o n  o f  t h e  

cap i  1 l a r y  pressure,  p a r t i c l e  s i z e ,  and s u r f a c e  t e n s i o n  sought.  

* 

MASS TRANSFER C O E F F I C I E N T  
A. R. Wazzan Account NO. 448637 



t h e i r  v a r i a t i o n  i n  t h e  range 0 t o  40% Mn. T h i s  v a r i a t i o n  

where t h e  Young modulus o f  n i c k e l  decreases a t  an average 

r a t e  o f  125 Kg/mm per  atomic percent  manganese added i s  

c h a r a c t e r i s t i c  o f  t h e  s o l i d  s o l u t i o n  y phase. A t  t h e  t e s t s '  

temperature,  25'C, t h e  a1 l oys  w i t h  up t o  25% Mn a r e  i n  t h e  

f e r r o m a g n e t i c  s t a t e ,  whereas t h e  a1 l o y s  ove r  t h e  compos i t ion  

range 25 t o  80% Mn a r e  i n  the  paramagnet ic s t a t e .  

2 

D r .  Wazzan has a l s o  been s t u d y i n g  t h e  e f f e c t  o f  p l a s t i c  
de format ion  on d i f f u s i o n  i n  n i c k e l .  The r e s u l t s  have been 

p u b l i s h e d  i n  t h e  Journa l  o f  A p p l i e d  Phys ics,  36, 1 ,  222 -229 ,  
January 1965. As a c o n t i n u a t i o n  of t h i s  p r o j e c t ,  he p lans  

t o  s t u d y  t h e  e f f e c t  o f  para t o  fe r romagne t i c  t r a n s i t i o n  on 

t h e  a c t i v a t i o n  energy f o r  s e l f - d i f f u s i o n  i n  n i c k e l ,  as o u t -  

1 i ned  i n  t h e  f o l l o w i n g  a b s t r a c t :  

Recent measurements o f  d i f f u s i o n  i n  m e t a l s  w i t h  f e r r o -  

magnet ic  p r o p e r t i e s  i n d i c a t e  t h a t  t h e  d i f f u s i o n  c o e f f i c i e n t  

o f  t h e  meta l  i n  t h e  fe r romagne t i c  s t a t e  i s  d i f f e r e n t  f rom 

t h a t  o f  t h e  meta l  i n  t h e  paramagnetic s t a t e .  Th is  anomaly 

i n  d i f f u s i v i t y  i s  a s s o c i a t e d  w i t h  a change i n  t h e  f requency  

f a c t o r  and/or  i n  t h e  a c t i v a t i o n  energy f o r  d i f f u s i o n .  Thus 

f a r  t h e  l a t t e r  seems t o  g i v e  t h e  more p l a u s i b l e  e x p l a n a t i o n .  

I t  i s  proposed he re  t o  s tudy s e l f - d i f f u s i o n  o f  r a d i o a c t i v e  

n i c k e l  63 i n t o  h i g h  p u r i t y  f e r r o  and paramagnet ic n i c k e l  and 

t o  de termine t h e  a c t i v a t i o n  energy f o r  s e l f - d i f f u s i o n  i n  each 

o f  t h e  two s t a t e s .  An a t tempt  w i l l  be made t o  compare t h e  

d i f f e r e n c e  between these two a c t i v a t i o n  energ ies  w i t h  t h e  

t h e o r e t i c a l l y  p r e d i c t e d  energy o f  magnet ic  i n t e r a c t i o n  i n  

n i c k e l .  Th is  work i s  o f  g rea t  importance f o r  b o t h  s c i e n t i f i c  
and eng ineer ing  purposes as i t  i s  c l o s e l y  r e l a t e d  t o  

d e t e r m i n i n g  t h e  mechanical p r o p e r t i e s  o f  n i c k e l  a t  low 

temperatures.  
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I V I S I T I N G  LECTURERS 

A. Papoul is  Account No. 448604 

Dur ing t h e  academic year 1964-65, D r .  A thanas ios  

Papoul i s ,  P ro fesso r  o f  E l e c t r i c a l  Eng ineer ing  a t  t h e  Po ly -  

t e c h n i c  I n s t i t u t e  o f  Brook lyn,  was a p p o i n t e d  V i s i t i n g  Pro- 

f e s s o r  and Research Engineer i n  t h e  Department o f  Eng ineer ing .  

D r .  Papoul is  i s  no ted  a s  an o u t s t a n d i n g  c o n t r i b u t o r  i n  t h e  

area of  network s y n t h e s i s  and l i n e a r  systems a n a l y s i s ,  and he 

c o n t i n u e d  i n  t h i s  v e i n  w h i l e  a t  UCLA. Many members o f  t h e  

f a c u l t y  and s t a f f  and graduate  s t u d e n t s  were a i d e d  by t h i s  

d i s t i n g u i s h e d  s c h o l a r  t h r o u g h  h i s  t e a c h i n g  and research  

a c t i v i t i e s .  

He taugh t  C i r c u i t  A n a l y s i s  Using Transform Methods d u r i n g  

the  f a l l  and s p r i n g  semesters, a l o n g  w i t h  Passive Network 

Syn thes i s  i n  t h e  f a l l  and Advanced C i r c u i t  Theory i n  t h e  

s p r i n g .  He completed a book e n t i t l e d  P r o b a b i l i t y ,  Random 

Var iab les ,  and S t o c h a s t i c  Processes. He a l s o  p u b l i s h e d  n i n e  

separa te  papers on such t o p i c s  a s :  "The Meaning o f  Prob- 
a b i  1 i t y ,  

"Systems w i t h  S t a t i o n a r y  I n p u t s ,  I '  and "Wide-Sense Marko f f  

Sequences and Recurs i ve  F i l t e r i n g . "  I n  a d d i t i o n  t o  h i s  

p u b l i c a t i o n s  he has been a c t i v e  i n  t h e  areas  o f  Random Error 
A n a l y s i s  i n  the  Numerical S o l u t i o n  o f  D i f f e r e n t i a l  Equat ions  

and on S t o c h a s t i c  D i f f e r e n t i a l  Equat ions.  

" S e n s i t i v i t y  Anal y s i s  w i t h  Random Increments,  I '  

C O M M U N I C A T I O N S  RESEARCH LABORATORY 
R. A. Stampfl Account No. 448604 

La s e r Commun i c a t  i on 

The purpose o f  t h i s  p r o j e c t  i s  t o  conduct exper iments  

i n  Laser Communication u s i n g  phase m o d u l a t i o n  and a phase locked  

l o o p  f o r  d e t e c t i o n .  The c o n s t r u c t i o n  o f  t h e  system proceeded 

a l o n g  t h e  l i n e s  r e p o r t e d  p r e v i o u s l y .  To t h i s  date,  success fu l  

t h e  equipment ope ra tes  s t a b l e  and repea tab le .  

S l ~ u s ~ i d G  and ~ i j d i ~  iTiadu;atiwn has beer1 acc~rripl i s l i ed ,  a n a  

As can be seen f rom t h e  a t t a c h e d  F i g . 1 ,  a s i g n a l  beam 
and l o c a l  o s c i l l a t o r  beam a r e  generated by a conven t iona l  

5 2  
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beam s p l i t t e r .  A m i r r o r  can be d e f l e c t e d  o v e r  smal l  d i s t a n c e  

by a p p l i c a t i o n  o f  v o l t a g e  t o  a p i e z o  e l e c t r i c  c r y s t a l  c a r r y -  

i n g  t h e  m i r r o r ,  one b e i n g  used as phase modu la to r ,  t h e  o t h e r  

as t h e  phase compensator i n  t h e  L. 0. beam. The d i v e r g i n g  

l ens  f o l l o w i n g  t h e  beam combiner serves t o  ease ad jus tment  

o f  a f r i n g e  p a t t e r n .  The small a p e r t u r e  p e r m i t s  d e t e c t i o n  

o f  i n t e n s i t y  modu la t i on  due t o  v a r i a t i o n  i n  t h e  f r i n g e  p o s i t i o n  

when m o d u l a t i o n  i s  a p p l i e d .  Because o f  t h e  f requency  response 

o f  t h e  p i e z o  e l e c t r i c  c r y s t a l s  g i v e n  i n  F i g . 2 ,  d!i,rect a u d i o  

m o d u l a t i o n  i s  i m p r a c t i c a l .  Many resonance peaks can be found, 

one w i t h  h i g h  s e n s i t i v i t y  l y i n g  a t  58 Kc s o  t h a t  s u b c a r r i e r  A - M  
is  f e a s i b l e .  The l o w  f requency  n o i s e  due t o  mechanical d e f l e c t i o n  

and phase d i s t o r t i o n  i n  t h e  s i g n a l  beam o v e r  long t r a n s m i s s i o n  

pa ths  i s  compensated f o r  i n  t h e  phase locked  l o o p  by t h e  second 

m i r ro r .  A l o o p  a m p l i f i e r  has been b u i l t  u s i n g  s tandard  P h i l -  

b r i c k  D. C. a m p l i f i e r  modules. Frequency and phase response 

a r e  g i v e n  i n  F igs .3  and 4, and a schematic d iagram i n  F i g . 5 .  

Measurement o f  t h e  loop response i s  e x c e e d i n g l y  d i f f i c u l t  

because mechanical v i b r a t i o n  c o n s t i t u t e s  a h i g h  n o i s e  l e v e l .  

Closed l o o p  o p e r a t i o n s  y i e l d e d  good t r a n s m i s s i o n  qua l  i t y .  

The a m p l i f i e r  has a d j u s t a b l e  g a i n  f rom 0-100 and c o n t a i n s  a 

v a r i a b l e  b i a s  source t o  compensate f o r  t h e  PMT D . C .  component 

and t o  a d j u s t  t h e  f r i n g e  p o s i t i o n .  Gain s e t t i n g  was a r r i v e d  

a t  e m p i r i c a l l y  and i s  n o t  c r i t i c a l  i f  t h e  b i a s  ad jus tment  i s  

made c a r e f u l l y .  The l o o p  response i s  e s s e n t i a l l y  t h a t  o f  t h e  

l o o p  amp1 i f i e r .  

Separa t i on  o f  t h e  modu la to r  f rom the  common mount ing  p l a t e  

was a t tempted  b u t  f a i l e d  due t o  inadequate component a v a i l a b i l i t y  

o f  an o p t i c  system f o r  t h e  s i g n a l  beam and f u r t h e r  because 

t h e  shock mount ing  o f  t h e  remote appara tus  was i n t r o d u c e d .  

These a r e  t h e  apparent  areas o f  f u t u r e  improvement t o  p e r m i t  

add i t i  ona 1 expe r imenta 1 eva 1 u a t  ion .  
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R: 0. V i cen te  Account No. 448604 

Dur ing  t h e  p e r i o d  May t o  October 1965, D r .  Raimundo 0. 
V i c e n t e  o f  t he  F a c u l t y  o f  the Sciences, L i sbon  U n i v e r s i t y ,  

was and i s  c u r r e n t l y  w i t h  the  Department o f  Eng ineer ing .  D r .  

V i c e n t e ' s  v i s i t  i s  b e i n g  devoted t o  f u l l - t i m e  research  i n  t h e  

rea lm of  as t ronomica l  and ast rodynamical  cons tan ts .  

He has taken advantage o f  UCLA's excel  l e n t  1 i b r a r y  t o  
b e g i n  a s tudy  d i r e c t e d  a t  d i s c o v e r i n g  t h e  p o s s i b i l i t i e s  o f  

exp ress ing  t h e  b a s i c  equat ions  employed i n  t h e  method o f  

v a r i a t i o n  o f  cons tan ts ,  used i n  c e l e s t i a l  mechanics, i n  such 

a way t h a t  i t  i s  p o s s i b l e  t o  show t h e y  have t h e  same fo rmal  

aspec ts  as some equat ions  appear ing  i n  hydrodynamics. The 

a n a l o g i e s  ment ioned appeared w h i l e  he was s t u d y i n g  t h e  method 

o f  p e r t u r b a t i v e  d i f f e r e n t i a t i o n  developed by D r .  Samuel 

H e r r i c k  o f  UCLA. I t  appears t h a t  i n v e s t i g a t i o n s  a l o n g  these 

1 i nes  have n o t  been p r e v i o u s l y .  conducted. 

He has a l s o  been engaged i n  researches concern ing  t h e  

equ iva lence  o f  t h e  d i f f e r e n t i a l  equat ions  employed by d i f f e r e n t  

a u t h o r s  i n  i n v e s t i g a t i o n s  o f  t h e  p recess ion  and n u t a t i o n ,  t h e  

f r e e  v i b r a t i o n s ,  and t h e  t i d e s  of t h e  s o l i d  e a r t h .  Severa l  

papers have been p u b l i s h e d  on these s u b j e c t s  employ ing d i f -  

f e r e n t  systems of coord ina tes ,  b u t  an a t tempt  has n o t  been 

made t o  show t h a t  t h e  systems o f  d i f f e r e n t  a1 equat ions  ob- 

t a  i ned a r e  equ i va 1 en t  . 
The researches mentioned w i  1 1  be deve 

subsequent months. 

oped i n  t h e  
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Phys i ca 1 Sc i ences 

A l l e r ,  L.  H., S.  J. L i t t l e  and B. J. O'Mara: L i g h t  s c a t t e r i n g  
b small p a r t i c l e s  i n  t h e  z o d i a c a l  c loud ,  A s t r . J . ,  70, 
3 21 6, June 1965. a 

A l l e r ,  L.  H. and M. F. Walker:  Spec t ropho tomet r i c  s t u d i e s  o f  * 
gaseous nebulae.  V .  Measurement o f  l i n e  i n t e n s i t i e s  i n  
i l a n e t a r y  nebulae w i t h  an e l e c t r o n i c  camera, Ap.J. ,  May 
1965. 

Coleman, P .  J . ,  J r . ,  L.  Davis,  J r . ,  E .  J .  Smi th and C .  P. 
Sone t t :  Chapter X I I ,  P lane t  Venus, ed. by R. V. Meghreb l ian  
( i n  p r e s s ) .  

Coleman, P. J . ,  J r . ,  L. Davis,  J r . ,  D. E. Jones and E.  J. 
Smi th:  Magnet ic  f i e l d  measurements near  Mars: M a r i n e r  4 
o r e l  i m i n a r y  r e p o r t ,  Science, u, 1965 

Coleman, P. J . ,  J r .  : I r r e g u l a r i t i e s  i n  t h e  i n t e r p l a n e t a r y  
magnet ic f i e l d ,  Ph.D. d i s s e r t a t i o n ,  September 1965. 

Coleman, P. J . ,  J r . ,  L. Davis, J r . ,  E .  J. Smi th and C .  P .  
Sone t t :  I n t e r p l a n e t a r y  magnet ic  f i e l d  measurements 
(Proc.  o f  t h e  Conference on t h e  S o l a r  Wind, Pasadena, 
1964), The S o l a r  Wind, ed. by R.  C .  Mackin and M. M.  
Meugebauer, Pergamon Press, New York, 1965. 

Flamm, E .  J.,  R. E .  L ingen feL te r ,  E .  H. C a n f i e l d ,  and S .  
Ke l lman:  H igh  energy s o l a r  neu t rons .  1 .  P roduc t i on  
i n  f l a r e s ,  J. Geophys. Res., 70, 4077, 1965. 

Flamm, E. J . ,  R. E .  L i n g e n f e l t e r ,  E. H. C a n f i e l d ,  and S .  
Kel lman: H igh  energy s o l a r  neu t rons .  2 .  F l u x  a t  t h e  
e a r t h ,  J.Geophys.Res., 70, 4087, 1965. 

Hyder, C .  L. : The p o l a r  crown o f  f i l a m e n t s  and t h e  s u n ' s  
p o l a r  magnet ic  f i e l d s ,  Ap.J. ,  141, 272,  1965. 

The p o l a r i z a t i o n  o f  emiss ion  l i n e s  i n  astronomy. 11. 
Prominence emiss ion  l i n e  p o l a r i z a t i o n  and prominence 
magnet ic  f i e l d s ,  Ap.J.,  141, No. 4, 1965. 

The p o l a r i z a t i o n  o f  emiss ion  l i n e s  i n  astronomy. 111. 
The p o l a r i z a t i o n  o f  corona l  emiss ion  1 ines,  Ap.J . ,  
- 141, No.4, 1965. 

L ibby ,  W .  F . :  Sc ience and manned s p a c e c r a f t ,  A s t r o n a u t i c s  

L i b b y ,  W. F . ,  R. Berger and G. J. Fergusson:  UCLA r a d i o -  

and Aeronaut ics ,  A p r i  1 ,  1965. 

carbon da tes .  I V .  Radiocarbon, L,  336,  1965. 
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L ibby ,  W. F . ,  J .  S .  Leventhal  and Maynard M i l l e r :  T r i t i u m  
i n  M t .  Everest  i ce- -annua l  q l a c i e r  accumula t ion  and 
c l i m a t o l o g y  a t  g r e a t  equatoFia1 a l t i t u d e s ,  J.Geophys.Res., 
- 70, 3 8 8 5 - - ,  1965. 

Lindman, E .  and T .  Ka r ras :  Rad io- f requency  breakdown i n  a 
dc p a r a b o l i c  f i e l d ,  J.Appl .Phys.,  36,  18, 1965. 

MacKenzie, K. R. and R.  E.  Rowberg: The e f f e c t  o f  RF v o l t a g e  
on t h e  pumping r a t e  of  an i o n  s p u t t e r  pump, Bu11.Amer. 
Phys.Soc., Ser.11, l 0 ,  June 1965. 

h i g h  f requenc ies  a p p l i e d  t o  a penning d ischarge,  B u l l .  
Amer.Phys.Soc., Ser. 1 1 ,  l 0 ,  No.6, September 1965. 

Mackenzie, K. R.and R. E .  Rowberg: Breakdown mechanisms w i t h  

MacKenzie, K. R. ,  F. Hai and K. B. Rajangam: F r e  uenc modu- 
l a t i o n  of  l a r g e  c a v i t i e s ,  Rev .Sc i . I ns t ru . ,  2, 7911--, 1965. 

Wasson, J. T . :  Boron i n  i r o n  m e t e o r i t e s ,  J.Geophys.Res., 70, 
443-- ,  September 1965. \ 

Wood, L. L., J r .  : Hyperthermal processes i n  t h e  s o l a r  atmos- 
phere, Ph.D. d i s s e r t a t i o n ,  September 1965. 

B i o l o q i c a l  Sciences 

Cocket t ,  A .  T. K . ,  R .  1. Kado and R.  M. Nakamura: P h y s i o l o g i c a l  
f a c t o r s  and decompression s ickness ,  submi t ted  t o  Arch. o f  
Env. Heal t h ,  1965. 

Mandel 1 ,  A.  J. and R. T. Rubin:  I n d o l y c r o y l  g l y c i n e  e x c r e t i o n  
i n  man, L i f e  Science, 1965 ( i n  p r e s s ) .  

Mande l l ,  A .  J. : Biochemical  aspec ts  o f  r a p i d  eye movement 
s leep,  Proc.Amer. P s y c h i a t r i c  Assoc.Mtq., New York, May 
1965 - 

E n q i n e e r i n q  

A h l q u i s t ,  K. N . :  The i n f l u e n c e  o f  d i s s o l v e d  hydrogen on t h e  
p e a r l i t e  and b a i n i t e  t r a n s f o r m a t i o n s  i n  a l l o y  s t e e l ,  M.S.  
t h e s i s ,  1965. 

F r a n k e l ,  J .  P. and M. Appel :  P roduc t i on  of aluminum h d r i d e  
by hydrogen- ion  bombardment, J.Chem. Phys., 42, 3984-- ,  
June 1965. 

F rederk ing ,  R. C .  Chapman, and S .  Wang: Heat t r a n s p o r t  and 
f l u i d  mo t ion  d u r i n g  cooldown o f  s i n g l e  bod ies  t o  low 
temperatures,  I n t e r n a t i o n a l  Advances i n  Cryoqenic  En- 
q i n e e r  inq,  1965. 

Kaae, James: An i n v e s t i g a t i o n  o f  hydrogen- induced s t r a i n -  
a g i n g  e f f e c t s  i n  i r o n ,  Ph.De d i s s e r t a t i o n ,  1965. 
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Karp lus ,  W .  J. and J. V i d a l :  C h a r a c t e r i z a t i o n  and compensation 
o f  q u a n t i z a t i o n  e r r o r s ,  I E E E  I n t e r n a t ,  C o n v . R e c o r d , m ,  
2 3 6 - - ,  1965. 

c 

Nobe, Ken: Theory o f  o r g a n i c  i n h i b i t o r s .  I. A d s o r p t i o n  
and l i n e a r l y  f r e e  energy r e l a t i o n s h i p s ,  J .E lect rochem. 
- SOC., September 1965. 

Nobe, Ken: Capaci tance and t r a n s i e n t  techn iques  i n  t h e  
p o l a r i z a t i o n  o f  i ron, Proc. E l  e c t  rochem. SOC. M t q .  

Obera i ,  M. M . :  K i n e t i c  t h e o r y  approach t o  t h e  s t u d y  o f  a 
curved shock-wave, UCLA Dept. Enqr. Report  6 5 - 2 7  (NASA 
TN-2858). 

Papoul i s ,  A .  : 

Wide-sense m a r k o f f  sequences and r e c u r s i v e  f i 1 t e r i n g ,  
I E E E  I n t e r n a t i o n a l  Convent ion Record, March 1965. 

Expansion o f  a n o n p e r i o d i c  process i n t o  a F o u r i e r  s e r i e s  
w i t h  u n c o r r e l a t e d  c o e f f i c i e n t s ,  I E E E  I n t e r n a t i o n a l  
Convent ion Record, March 1965. 

On random phase, I E E E  Proc. ,  May 1965. 

Systems w i t h  s t a t i o n a r y  i n p u t s ,  I E E E  C i  r c u i  t s  and 
Columbia U n i v e r s i t y  Symposium on S iqna l  Transmiss ion 
and Process inq,  May 1965. 

Truncated Tay lo r  expansions of  s t o c h a s t i c  processes, 
I E E E  Trans. on I n f o r m a t i o n  Theory ( t o  appear ) .  

S e n s i t i v i t y  a n a l y s i s  w i t h  random increments,  I E E E  
A1 l e r t o n  Conference on C i  r c u i  t s  and Systems, October 
1965. 

Wazzan, A .  R. ,  M. S .  K i n g  and A.  Ahmedia: D i l a t a t i o n a l  
wave v e l o c i t i e s  and dynamic e l a s t i c  modul i  o f  Ni-Mn 
a1 loys ,  J.App1. Phys., 36, September 1965. 

Wazzan, A .  R . .  A .  M. 0. Smi th  and R .  C .  L i n d :  Mass t r a n s f e r  
method o f  measur ing wal 1 shear s t r e s s ,  J .Phys .F lu ids ,  
- 32, December 1965. 



FINANCIAL SUMMARY NsG 237-62  

a 
T o t a l  Expend i tu res  f o r  Report  Per iod :  $ 352,847 

February 1965 1 , 193,446 

A d d i t i o n a l  Commitments* t o  February 1966: 546,517 

v Cumula t ive  Expend i tu res ,  March 1962 th rough  

Tota 1 Expend i t u r e s  and Comm i tmen t s  
t h rough  February  1966 $ 2,092,810 

*A commitment of NASA NsG 237-62  funds i s  d e f i n e d  as a f i r m  

guarantee  of  a f i x e d  amount o f  suppor t  t o  an i n d i v i d u a l  or a 

group ove r  a l i m i t e d  p e r i o d  o f  t ime, u s u a l l y  one year o r  less .  

When a commitment i s  made i n  the P h y s i c a l  Sciences o r  Eng ineer ing ,  

funds a r e  t r a n s f e r r e d  f rom the  genera l  account t o  a newly e s t a b -  

1 ished s p e c i a l  account;  c o n t r o l  over e x p e n d i t u r e s  f r o m  such funds 

remains w i t h  W .  F. L ibby.  C o n t r o l  over expend i tu res  i n  the  

B iomedica l  program remains w i t h  J .  D.  French. 

D e t a i l e d  s ta tements  o f  expend i tu res  f o r  t he  r e p o r t  p e r i o d  

and a d d i t i o n a l  commitments f o l l o w .  
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P E R I O D  E X P E N D I T U R E S  

For Six Month Per iod end ing  August 31, 1965 

Subs r a n t s  Suppl i es Equ i pmen t 
and and 

Sa l a  r i es Expense F a c i  1 i t  i e s  Trave l  

89 1,342 

- $ 17,314 $ 8,027 $ $ 1,359 
- - 

* 
Tota  1 

$ 26,700 
1,431 

Account No. 

448604 
44861 0 

44861 1 
448612 
4486 19 
44862 1 
448623 
448624 
448626 
448627 
448628 
448630 
44863 1 
448633 
448635 
448636 
44863 7 
448638 
448639 
448640 
448641 
448643 
448644 
448645 
448646 
448647 
448649 
44865 1 
448673 
448674 
448675 

S u b t o t a l s  

309 
- 

145 - 
33,247 

- 
45 4 

33,247 
1,240 
7 ,312  
6,467 

12,263 
759 

5,139 
4,761 
2,265 

794 
3,023 
4,510 
2,492 
1 , 875 
1,883 

312  
1,021 

3,394 
1,665 
3,929 

684 
2,942 
7,889 
1,031 
1,865 
3,901 

1 2  465 

t 

A 

1,240 
49 

2,241 
3,859 

- 

- 
7,263 

4,226 
2,704 

759 
5,706 
I - 

1,749 
- 

3,390 
4,761 
2,265 
1,465 

794 

146,720 
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b 
Salar  ies 

?Subgrants  $ 70,224 

F a c u l t y  Summer 
Sa 1 a r  i es 11,844 

V i s i t i n g  
S c i e n t i s t s  8 , 743 

Admin i s t ra t i on  19, 177 

Space B io logy  22,704 

PERIOD EXPENDITURES - cont inued 

Supp 1 ies  Equipment 

Expense F a c i l i t i e s  
and and 

$ 26,104 $ 45,941 

- 
2,821 

60,694 

- 

13,001 

Emp 1 oyee 
Bene f i t s  

Subto ta l  

U n i v e r s i t y  Overhead 

TOTAL EXPEND I TURES FOR THE PERIOD 

Trave 1 Tota 1 

$ 4,450 $146,720 

1,362 

5 14 

11,844 

10,105 

22 ,512  

96,399 

6,459 

$ 294,039 

58,808 

$ 352,847 
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A D D I T I O N A L  COMMITMENTS 
F o r  S i x  Month Per iod Ending F e b r u a r y  28, 1966 

Suppl i e s  Equipment 
and and S u b s  r a n t s  

Account No. S a l a r i e s  Expense F a c i l i t i e s  Trave l  

448604 
44861 0 

44861 1 
44861 2 
44861 3 
4486 1 9 
44862 1 
448623 
448624 
448626 
448628 
448629 
448630 
448632 
448634 
448636 
44863 7 
448639 
448640 
448641 
448642 
448643 
448644 
448645 
448646 
448647 
448648 
448649 
44865 1 
448674 
448675 
448676 
Subto ta  1 s 

$ 31,733 $ 11,055 
1,942 

68 
300 7 43 

330 

3,000 

2,158 
5,360 
2,657 

48 4 
2,266 
1,192 

89 0 
1,000 

4,685 

5 43 
2,857 
1,871 
2,150 

1,385 

2,420 
4,700 

$ 71,651 

1,400 
1,010 
6,000 
1,000 

38,115 
1,000 

300 
1,050 
1,290 

35 1 
7,164 

785 
31,000 

$ 10,000 $ 1,350 
154 350 
300 

2,395 
5,500 

11,432 

3,990 
3,000 

14,387 
29,000 

145 600 

665 200 

1,315 350 

500 

227 
235 

1,200 

250 2,000 

64  1 3,675 

1,337 
300 
100 

4,547 
1,000 672 

5 69 
3,488 3,611 

$1 16, 835 $ 91,046 
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Tota 1 

$ 54,138 
2,446 * 

368 
3,438 
5,830 

11,432 
1,400 
5 $ 0 0 0  

9,000 
4,745 

52 ,502  
30,000 

3,323 
8 ,075 
3,947 
19335 
9,431 
1,419 
1,125 
2,985 

31,000 
6,935 

200 4,516 
5 43 

4,194 

2,250 

290 3,347 
5 69 

2,900 12,419 
4,700 

$ 9,597 $289,129 

2 ,171  9 

4,547 4 



, ADD I T I  ONAL COMMl TMENTS - cont inued 

Suppl i e s  Equ i prnen t 
h and and 

Sa 1 a r  ies Expense F a c i l i t i e s  Trave 1 Tota 1 

c, Subgrants $ 71,651 $ 116,835 $ 91,046 $ 9 ,577 $289,129 

Facu 1 t y  Summer - 
S a l a r i e s  

V i s i t i n g  
S c i e n t i s t s  15,000 

Adrn i n i s t r a -  
t i o n  20,000 

Space B io logy  31,917 

Ernp 1 oyee 
B e n e f i t s  

3,000 

15,028 

- 
66,000 

2,500 17,500 

500 23,500 

- 112,945 

12,357 

Subto ta l  

U n i v e r s i t y  Overhead 

$ 455,431 

91,086 

TOTAL $ 546,517 
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